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Sulfisoxazole, sulfamethoxazole, and methisazone 
were selected as sparingly water soluble drugs. Solid 
dispersions of these drugs in urea and polyvinylpyrrolidone 
were prepared. To characterize the solid dispersions 
formed, phase diagrams were constructed from thermal 
analysis data obtained on evaporated mixtures. It was 
found that urea forms incongruent or peritectic complexes 
with sulfisoxazole and methisazone. To confirm complex 
formation, equilibrium solubility studies were conducted. 
Based on the solubility data, the association equilibrium 
constants, free energy changes, heats of formation, and 
entropy changes were determined. Stoichiometric ratios 
were calculated for the complexes. Dissolution rate 
studies of the pure drugs, physical mixtures, and solid 
dispersions were conducted by the rotating-basket and 
rotating-disc methods. Significant differences were found 
in the dissolution rates of the test preparations. The 
studies revealed that the dissolution rate of methisazone 
is a diffusion-controlled process and is dependent on the 
effective surface area. 

A simple and rapid colorimetric method was developed 
for the quantitative analysis of methisazone in biological 
fluids. Bioavailability profiles following single-dose 


oral administration of pure drugs, physical mixtures, and 
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solid dispersions were compared by estimating the rate 
and extent of absorption in rats based on the evaluation 
Of blood levels and urinary excretion data. Significant 
differences were found in the bioavailabilities of the 
test preparations. Some pharmacokinetic parameters of 
sulfisoxazole and sulfamethoxazole were determined. It 
was found that these drugs exhibited dose-independent 


kinetics. 
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of Sulfisoxazole-Urea Solid Dispersions 


Sulfisoxazole Blood Level Curves in Three 

Rats following Single-Dose Oral Administration 
of Pure Sulfisoxazole and Preparations 
containing PVP 


Sulfamethoxazole Blood Level Curves in Three 

Rats following Single-Dose Oral Administration of 
Pure Sulfamethoxazole and Preparations 

containing Urea. Dose used was Equivalent to 

500 mg/kg of Sulfamethoxazole 


Sulfamethoxazole Blood Level Curves in Three 
Rats following Single-Dose Oral Administration 
of Sulfamethoxazole-Urea Solid Dispersions 


Sulfamethoxazole Blood Level Curves in Three 
Rats following Single-Dose Oral Administration 
of Pure Sulfamethoxazole and Preparations 
containing PVP. Dose used was Equivalent 

to 500 mg/kg of Sulfamethoxazole 


Methisazone Blood Level Curves in Three 

Rats following Single-Dose Oral Administration 
of Pure Methisazone and Preparations 
containing Urea or Polyvinylpyrrolidone. 

Dose used was Equivalent to 500 mg/kg of 
Methisazone 


Analog Computer Program for a One- 
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Analog Computer Fitting of Blood Data in 
accordance with a One-Compartment Open Model 


Cumulative Amounts of Methisazone Excreted 
in Urine following Single-Dose Oral 
Administration to Three Rats. Dose used 
was Equivalent to 500 mg/kg of Methisazone 


Semilogarithmic Plots of Urinary Excretion 

Rate as a function of Time following Single- 
Dose Oral Administration to Three Rats. Dose 
used was Equivalent to 500 mg/kg of Methisazone 


Semilogarithmic Plots of Urinary Excretion 

Rate as a function of Time following Single- 
Dose Oral Administration to Three Rats. Dose 
used was Equivalent to 500 mg/kg of Methisazone. 
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INTRODUCTION 


A. HISTORICAL BACKGROUND 

Pharmaceutical drugs usually can be presented in 
more than one dosage form, depending to a great extent 
upon the routes of administration by which these drugs can 
be given conveniently with maximum therapeutic efficacy. 
Some of the critical factors that can influence biological 
availability of sparingly water-soluble drugs are: particle 
size and physical state of the drug, dissolution rate of 
the drug from the solid Hosteerec rn: and interaction between 
the drug and pharmacologically inert adjuvants. Levy (1) 
has emphasized the fact that in instances where drug ab- 
sorption is rate-limited by the dissolution process, the 
increase in specific surface area of drug exposed to a 
dissolution environment can result in more rapid and more 
complete drug absorption. The delivery rate and the amount 
of drug delivered from a solid dosage form can be regulated 
by controlling the particle sizeof the drug. The effect 
of particle size on dissolution and bioavailability of 
drugs has been reviewed by Fincher (2). Miller and 
Fincher (3) have shown that particle size of a phenobarbital 
suspension, following an intramuscular injection in dogs, 
has. a marked effect on the bioavailability. 

Numerous attempts have been made in the past to 
develop new techniques to achieve particle size reduction 


as a means of enhancing bioavailability. Sekiguchi et al. (4) 
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introduced a novel technique for achieving particle size 
reduction of the antifungal agent griseofulvin by a solvation 
and desolvation method using chloroform. It was demonstrated 
by Sekiguchi and co-workers (5,6) that particle size reduc- 
tion of both sulfathiazole and chloramphenicol to the 
colloidal range through solid dispersion techniques resulted 
in faster in vitro dissolution rates and consequently in 
rapid and complete in vivo absorption. The solid dispersion 
approach has been successfully applied by others to the 
formulation of fast-release dosage forms containing water- 
insoluble drugs (7-24). The scope of solid dispersion 
systems has been thoroughly reviewed by Chiou and Riegelman 
(16). According to Noyes and Whitney's equation (25) dis- 
solution rate can be enhanced phar by reducing the particle 
size or by increasing the saturation solubility of the drug. 
The solubility, a physicochemical property, can be related 

to the physical form of the drug. For example, a drug may 
occur either in a crystalline form or in an amorphous form. 
The amorphous form of the drug is usually more soluble than 
the crystalline form. Mullins and Macek (26), using amorphous 
and crystalline forms of novobiocin, demonstrated that the 
amorphous form was readily soluble and therapeutically active 
whereas the crystalline form was not. Some drugs have a 
tendency to form hydrates or solvates when crystallized 

from aqueous or organic solvents. Ampicillin, for example, 


is available in two distinct forms, anhydrous and trihydrate. 
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Poole et al. (27,28) have demonstrated in animals as well 
as humans that both the aqueous solubility and the bio- 
logical availability of anhydrous ampicillin are signi- 
ficantly greater than those of the hydrated form. On the 
other hand,*2£ the physical storm of~a*drug is crystalline, 
it is possible for the crystalline drug to exist in more 
than one crystal form. The different crystal forms (called 
polymorphs) of a drug differ in their solubility character- 
istics. The metastable crystal form of a drug generally 
shows higher solubility than the thermodynamically stable 
erystal form of the same drug. Higuchi. et al.) (29) have 
shown that the metastable polymorph of methylprednisolone is 
approximately 80% more soluble than the stable polymorph 
at room temperature. While investigating the effect of the 
polymorphic state on the absorption of chloramphenicol 
from chloramphenicol palmitate, Aguiar et al. (30) were 
able to show that the absorption of the metastable poly- 
morph of chloramphenicol palmitate was greater than the ab- 
sorption of the stable polymorph. 

It has been reported (31-37) that complex formation in 
pharmaceutical preparations may lead to either a decrease 
or an increase in the solubility of the drugs. The formation 
of a water-insoluble complex with a low dissociation constant 
would slow down the dissolution rate and delay absorption. 
Conversely, the formation of a water-soluble complex with 


a low association constant would enhance dissolution and 
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absorption rates. In the case of solid dispersion dosage 
forms, the enhancement of dissolution rate could be attri- 
buted to either particle size reduction or solubilization 
of drugs. Therefore, in the evaluation of solid dispersion 
systems the importance of both mechanisms should be recog- 
nized. .‘In particular, the possibility.of solubilization .of 
water-insoluble drugs by water-soluble carriers should not 


be overlooked. 


Sulfisoxazole, N'-(3,4-dimethyl-5-isoxazolyl) sulfanil- 
amide, melts at about 196°C with decomposition, and exists 
in two polymorphic forms (38). , Sulfamethoxazole, N!-(5- 
methyl-3-isoxazolyl) sulfanilamide, melts at about 170 ee 
and exists in three polymorphic forms (38). Methisazone, 
N-methyl-isatin §-thiosemicarbazone, melts at about 250-¢ 
with decomposition, and occurs as an orange-yellow powder 
(39). The pharmacokinetic profiles of sulfisoxazole (40) 
and sulfamethoxazole (41) have been reported. Reports on 
the pharmacokinetic studies of methisazone are lacking. 
Although studies on the effects of particle size (42) and 
surface-active agents (43) on gastrointestinal and rectal 
absorption of sulfisoxazole have been reported in the 
literature, there is none pertaining to the assessment of 
solid dispersion systems containing sulfisoxazole, sulfamethox- 


azole, or methisazone. 
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B. AIMS AND OBJECTIVES OF THE STUDY 


The objectives of the present study included the 
preparation and characterization of solid dispersions of 
sparingly water-soluble drugs. The study was also designed 
to determine the usefulness of solid dispersion systems in 
the enhancement of both the dissolution rate and biological 
availability of such drugs. 

Three relatively water-insoluble drugs were selected 
for this investigation. Sulfisoxazole, sulfamethoxazole, 
and methisazone were selected on the basis of their limited 
aqueous solubility, their hydrophobicity, and their rela- 
tively high melting points. Selection of these drugs was 
further influenced by the fact that no reference to bio- 
pharmaceutical évaluation of solid dispersions containing 
these drugs could be found in the literature. Polyvinyl- 
pyrrolidone and urea were chosen as water-soluble carriers 
on the basis of their general acceptance as safe and non- 
toxic materials. 

A suitable analytical procedure for the determination 
of sulfisoxazole and sulfamethoxazole in biological fluids 
was readily available in the Bratton-Marshall method. On 
the other hand, a suitable assay procedure for methisazone 
could not be located in the literature. For that reason, 
it became necessary to develop a method for the determination 


of methisazone levels in biological fluids. 
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A. POLYMORPHISM 


Polymorphism is the ability of a crystalline drug to 
exist in more than one crystal form. The pom ME can 
differ in physicochemical properties such as solubility, 
melting point, density, X-ray diffraction pattern, infrared 
spectra, and differential thermal analysis thermograms. 

Two polymorphs will have different crystal lattices, and 
will exhibit different optical crystallographic properties 
due to a marked difference in space-lattice arrangements 

of their crystal structures. Different polymorphs of a drug 
may be classified as isotropic or anisotropic depending on 
whether the velocity of the light transmitted through the 
crystal is the same in all directions or different in 
different directions. The subject of optical crystallo- 
graphy and its application to the identification of poly- 
morphs has been reviewed by Biles (44). When the conversion 
of polymorphic forms is reversible, it is referred to as 
enantiotropic; when the polymorphic change is irreversible, 
it is referred to as monotropic. When the conversion takes 
place from metastable to thermodynamically stable form, the 
stable polymorph always has the lowest free energy and the 
highest melting point. 

If the rate of absorption of a sparingly soluble drug 


from a solid dosage form is dissolution-rate dependent, the 
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polymorphic state of the drug can influence the overall 
bioavailability, and, hence, the therapeutic efficacy of 

the formulation. The existence of polymorphism among 
therapeutic agents and the impact of polymorphism on 
solubility, dissolution, and absorption pastbecn reviewed 
(29-30, 45). It is well known that some drugs offer im- 
proved therapeutic performance when presented in a metastable 
polymorphic form. In view of the physical instability of 
the metastable state, it sometimes becomes rather difficult 
to obtain solubility data, particularly for rapidly reverting 
polymorphic Beares: With this in mind, Milosovich (46) 
developed a rapid method for the determination of the solu- 
bility of metastable forms of drugs in order to measure 
thermodynamic properties such as heat of solution, enthalpy, 
and entropy. Haleblian and McCrone (47) have reviewed the 
literature pertaining to the pharmaceutical applications of 
polymorphism in greater depth. Callow and Kennard (48) 

have reported the presence of polymorphism in cortisone 
acetate, and have warned that incorporation of the wrong 
polymorph in the dosage form may cause formulation and 
stability problems due to phase transition of the meta- 


Stable to the stable form. 


B. ~SOLID DISPERSIONS 

When a drug is dispersed in a physiologically inert 
Carrier matrix in solid state by either fusion or evapora- 
tion techniques, a iota eepseetcn of the drug is said to 


result. The solid dispersions obtained by evaporation are 
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often referred to as co-precipitates, examples of which are 
sulfathiazole-polyvinylpyrrolidone (12) and reserpine- 
polyvinylpyrrolidone (21). Solid dispersions being such 
a broad term, encompassing various physicochemical phenomena, 
it is convenient to classify them into four major categories: 
(a) simple Ace system, (b) eutectic system with complex 
formation, (c) solid solution, and (d) glass solution. By 
design this study will conform to the dictates of this 
classification. 

Simple Eutectic System 

Thermodynamically speaking, a eutectic mixture made 
from a sparingly water-soluble drug and a pharmacologically 
inert, readily water-soluble carrier may be regarded as an 
intimately blended physical mixture of its two interacting 
components. These components crystallize simultaneously 
in a fixed ratio, characteristic of the eutectic composition. 
The eutectic structure of such a binary mixture is that of 
fine-grained crystals of the individual components (49,51). 

DTA thermograms of binary mixtures normally exhibit 
two endotherms, the first corresponding to the eutectic 
melt and the second to the subsequent melt of the component 
in excess of the eutectic composition. The peak of the 
first endotherm occurs at eutectic isotherm, and the peak 
of the second endotherm occurs at the liquidus line. On 
the other hand, a binary mixture of the eutectic composition 
will exhibit a single, major endotherm. In the case of a 
simple eutectic system, thaw points of binary mixtures of 
varying concentrations will invariably be equal to the 


eutectic temperature of the system. 


sts fotdw te ase eins aasstigqh 
‘=gniqueest Sas (sty snob toxyalynivets q-ol 
dove, paied stokenenaee bilaa + tes) ' enobiios 


be 


th 
‘ iomoneds, tssimenoos i ay ‘¢g aol rey pekeenqnosns “aa 


‘ 


ya .noisgufioe Salas iY ey ane ors bitoe fe) VOL 


sbsm erudkim sigpedue s .pnidesge vit 


yilsdipolossmtssg 6 bre push siduloesr 


ia 


16 a6 noobs gon od vem aSinxas oldusioe-retaw yl 
. prtgosaedak owt edi to oupsicim Isotayiia pebit 
ylevosnaitumie osilisteyso stnoiogemn saat 


moitieegmbo oivsedué 9 ¥o ot teliarseteds: ota sd 


to tadd ei sxudx tm vestihe é ‘fous to 2 . recent 
) ae sie 
(12,88), adasciongmos Laubivibal add Ae ‘sigaeee bacikaxp-s 


ead 
4 } 


Stoitdxs yilemiren eoruex bn ‘aecis to. sits spomtest2 in 
; rk ' ae a 
| oidosdue Sit oF pn tbnogeen20> seks ody aamarine on 


a 


/ tnoaoanes ais to Some’ snagpendye aris oF: Baoose arts Sas | tee Wig 
+e biked) i 


‘aid 20 teed SAT 2 Heenan al eit to see 

nO omit eublupil eft 36 a1wD90 paneer noose ane 
soitieogmas’ ohtoadus, At 20° oxutxim yrsaid s basil xeddo. edt 
6 Yo! sebo bat ol smiptitobne ‘eobeie ~sipnie 6 sehen’ a 
-_ geri sxkm yrsiid’ to 2tniog weds \Medaye Disosave ota 


7 
7 
4a 


Meese wet og, tape od wiaicecing, £Liw. eneisexsnsone. | eaten 1 ‘ 
me : . ~ te ae - vi —oe ena3 0 euuserequsd aise ( : > Ait 


ae 
; 


10 


Eutectic System with Complex Formation 


In this binary system, two components interact to form 
a complex, in addition to a simple eutectic mixture. In 
other words, such a binary system will exhibit two isotherms, 
instead of one. When the complex formed is stable and melts 
to yield a liquid of the same composition as the solid it is 
said to possess a congruent melting point. However, if the 
complex formed is unstable in that it undergoes transition 
with formation of a new solid phase, it is said to have an 
incongruent or peritectic melting point. In the case of 
congruent reactions, the phase diagrams will show the pre- 
sence of two discrete eutectic isotherms. However, in the 
case of peritectic reactions, the phase diagrams will depict 
the overlapping of the eutectic isotherm by the peritectic 
isotherm as a result of the formation of a new solid phase. 

Solid Solution 

When both components of a eutectic binary mixture 
show some degree of mutual solubility in each other in the 
solid state, a conglomerate of the two solid solutions is 
formed at the eutectic point (50,52). in practice, solid 
solution solubility of less than 2% is considered insignifi- 
cant and solid solution formation negligible. It has been 
documented in the literature (53) that in binary systems 
where solid solution formation is evident, the phase diagrams 
are characterized by the appearance of thaw points at tem- 


peratures higher than the eutectic temperature. 
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Glass Solution 

Chiou and Riegelman (13) were the first to report the 
application of the principle of glass solution formation 
(54) to enhance drug dissolution and absorption. A glass 
solution is a homogenous system in which a glassy or 
vitreous form of the carrier molecules solubilizes drug 
molecules in the matrix. Polyvinylpyrrolidone, dissolved 
in organic solvents, undergoes a transition to a glassy 
state on evaporation of the solvent. It was shown (13) 
that the dissolution rate of griseofulvin dispersed ina 
glass solution form was faster than that of the same drug 


dispersed in a solid solution form. 


Cc. THEORY OF DISSOLUTION IN A NON-REACTIVE MEDIUM 

The process of dissolution is regarded as a surface 
phenomenon, which occurs as a result of mass transfer of 
solute molecules from the surface of the dissolving solid to 
the bulk solution. Two transport models that can best de- 
scribe the dissolution process are: (a) Interfacial Barrier 
Model, and (b) Diffusion Model. In the case of the former, 
the rate of dissolution is influenced by a high-energy 
barrier at the interface; in the case of the latter, a 
thin layer of saturated solution is formed at the surface 
of the dissolving solid so that the dissolution rate is 
determined by the rate at which the dissolved molecules 
diffuse through this layer into the bulk solution. Based 


on the concept that the solute molecules will have to be 
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activated in order to cross the energy barrier before 
diffusing into the bulk solution, the dissolution process 
can simply be described by consecutive transport processes 
involving energy changes at the interface followed by 
diffusion away from the interface. From a dissolution 
kinetics standpoint, either of the consecutive reactions can 
be a rate-determining step, depending on which one is slower. 
However, if both are of the same order of magnitude, the 
over-all dissolution rate will be a function of both processes. 
Ls Review of Dissolution Kinetics 

Constant Surface Area Concept 

According to the classic Noyes and Whitney law (25), 


the rate of dissolution of solids, oo is directly proportional 
dt 


to the difference between the concentration of the saturated 
solution of the solid, Cor at the experimental temperature 


and the concentration of the solid in the dissolution mediun, 


(2: at any given time t: 


eal 
dCi eicleyes’ C (Eq. 1) 


dt 


t! 


where k is the apparent dissolution rate constant with 
dimension l/time. The derivation of the Noyes and Whitney 
differential equation is based on the assumptions that (a) 
the dissolution of the solid is a diffusion-controlled 
process and (b) the surface area of the exposed solid changes 
negligibly with time during dissolution process. The ap- 


parent rate constant, k, is dependent upon the surface area 
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of the exposed solid, the intensity of agitation, the tem- 
perature and the SE Ractive of the surface. Assuming that 
the dissolution rate under well-defined conditions of tem- 
perature and agitation is proportional to the surface area, 
S, equation 1, according to Noyes and Whitney (25) and 


Bruner and Tolloczko (55), could well be written as: 


4 
ee. SxkSelC_ear€sl (Eq. 1.1) 


ce 
eS ' 

where K is the intrinsic dissolution rate constant. Using 

Fick's law of diffusion, Brunner (56) showed that equation 


1.1 can more explicitly be expressed as: 


(Ea lee) 


where D is the diffusion coefficient, S is the area of the 
exposed surface, h is the thickness of diffusion layer, and 
V is the volume of dissolution medium. From equations l, 


Lea ikde i SeeVIident. that: 


a 
k = Ks = 28 (Eq. 2) 
; hv 
Therefore, when K = >, we have the following relationship: 
kV 
pe Eqa: 3 
K 3 (Eq ) 


where K = cm.?/time. cm.? and therefore, has dimensions of 
length/time. Nogami et al. (57) have shown that the rate 
constant, k, is dependent upon both the surface area, Sy. 
and the volume of dissolution medium, whereas the intrinsic 


rate constant, K, is independent of these factors. 
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Variable Surface Area Concept 


Considering those situations where the surface 
area of the dissolving solid could be constantly changing, 
Hixson and Crowell (58) derived their "cube root law" based 
on the assumptions that: (a) dissolution takes place normal 
to the surface of the dissolving solid, (b) there is no 
stagnation of the liquid, (c) the agitation effect is the 
same on all areas of the exposed surface, and (d) the 
dissolving solid remains intact during dissolution. The 


integrated form of their equation is: 


ates us L730 7/3 
K t = W, / Wy / (Eq. 4) 


1S 
weight of the solid at time t, the constant, Kon is the 


where We is the initial weight of the solid, W, is the 


product of intrinsic rate constant, solubility, density, 
and other shape factors, and t is the time. 
pe Some Factors Influencing Dissolution Rates 
Inasmuch as there are several physico-chemical factors 

regulating the dissolution rate of solids in non-reactive 
media, only those that are considered relevant to the present 
study will be briefly discussed here. 

Solubility 

Under sink conditions where the concentration 
gradient (C. - Cc.) is almost constant and the concentration 
build-up in the dissolution medium is negligible, the disso- 
lution rate of the solid is directly proportional to the 
saturation solubility of the solid in the dissolution 


medium. An increase in saturation solubility, Co, would 
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result in-an increase in dissolution rate. Hamlin et al. — 
(59) reported data for compounds representing various chemical 
species to show that the relationship between dissolution 
rate and solubility is linear. | 

Viscosity 

The dissolution rate is inversely proportional 
to the wiecosity of the dissolution medium if diffusion 
mechanism is operative. The dissolution rate controlled 
by interfacial reaction is not affected by the viscosity 
Bactor.s.” in a BL PrusiOnecone olied reaction, an increase 
in viscosity will result in a slowing of the dissolution 
rate. This relationship was clearly demonstrated by Braun 
and Parrot (60) who showed that the dissolution rate of 
benzoic acid in aqueous sucrose solution and in methyl 
cellulose solution was inversely proportional to the vis- 


cosity of the dissolution medium. 


Surface Tension 

The apparent dissolution rate of sparingly 
soluble solids can be appreciably increased by lowering 
the interfacial tension between the hydrophobic surface of 
the solid and the dissolution medium. In a study con- 
cerned with wetting effects of surfactants below critical 
micelle concentration, Finholt and Solvang (61) found that 
the inclusion of polysorbate 80 in concentrations less 


that 0.01% w/v in the dissolution medium accelerated the 
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dissolution rate of phenacetin without affecting the solu- 
bility of phenacetin significantly. They attributed the 
effect of polysorbate 80 to the wetting of the hydrophobic 
surface of phenacetin. 

Particle Size 

An increase in the specific surface area as a 
result of reduction in particle size will enhance the rate 
of dissolution of sparingly water soluble solids. However, 
there are several instances where particle size reduction has 
little effect on the dissolution rate. This anomalous be- 
havior could be ascribed to the acquisition of electro- 
static charges during micronization. The effects of particle 
size on the dissolution and absorption rates have been well 
reviewed by Levy (1) and Fincher (2). 

Temperature | 

In those instances where the solubility of the 
solid is a function of the temperature, an increase in 
temperature of the dissolution medium will enhance the rate 
of dissolution by increasing diffusion of the solute mole- 
cules through the diffusion layer into the bulk solution. 

Agitation 

For a diffusion-controlled reaction, it is apparent 
that the thickness of the diffusion layer is inversely pro- 
portional to the intensity of agitation. As the intensity 
of agitation is increased, the diffusion layer becomes thinner, 


and the dissolution rate is increased. The relationship be- 
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tween the dissolution rate and the intensity of agitation 


on an empirical basis may be expressed as: 
R=awN (Eq. 5) 


where Ris the dissolution rate, N is the agitation in 
terms of revolutions per minute, and a and b are constants. 
It is evident from the above equation that the value of the 
constant, b, in the case of a diffusion-controlled reaction 
will approach unity, whereas in the case of an interfacial 
reaction where the dissolution bie is independent of agi- 
tation, the value of b will approach zero. Further, in 
order for a dissolution study to be more meaningful in de- 
tecting statistically significant differences in dissolution 
rates of diffusion-controlled reactions, a low agitation 
intensity will be desirable. 
3 Methods for the determination of Dissolution Rates 

Numerous techniques for the evaluation of in vitro 
dissolution profiles of solid dosage forms are available. 
These may be collectively grouped under two main headings - 
Methods for Intrinsic Dissolution Rates and Methods for 
Apparent Dissolution Rates. Two of the most commonly used 
methods are briefly reviewed here. 

Rotating-Disc Method 
The rotating-disc method was first introduced by 

Nelson (62) and later modified by Levy and Sahli (63). This 


method is useful in determining intrinsic dissolution rates 
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of sparingly soluble solids under sink and constant surface 
area conditions where the concentration build-up of solid 
in solution is negligible and where the surface area of the 
exposed solid is fixed by using a non-disintegrating, flat- 
faced disc mounted in a holder such that only one face of the 
disc is exposed. In this method, the disc holder is attached 
to the drive shaft of a constant speed motor so that the 
disc face can be rotated at a specific intensity of agitation 
expressed in terms of r.p.m. In order to demonstrate the 
dependence of the intrinsic rate constant, K, on the inten- 
sity of agitation, Cooper and Kingery (64) conducted a series 
of experiments at two different temperatures by rotating 
sodium chloride discs of constant surface area in glycerin 
at various speeds. They found that the plots of logarithm 
of K versus logarithm of r.p.m. were linear with slopes 
equal to 0.5, indicating that the intrinsic rate constant, 
K, is proportional to the square root of the agitation inten- 
sity. Their findings were based on the assumptions that the 
flow of a high viscosity liquid is laminar and that the 
rate of dissolution is diffusion-controlled. 

Rotating-Basket Method 

Searl and Pernarowski (65) pioneered the development 
of the rotating-basket method which now has been adapted as 
an official method in the N.F. XIII-(66) and U.s;P. xViIIt 
(67). . Because of its. simplicity,.reliability and versatility, 


this method is widely used in the determination of apparent 
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dissolution rate constants. Using the rotating-basket method 
in the dissolution studies of constant-surface pellets of 
Salicylic acid, Tingstad et al. (68) found a linear relation- 
ship between the dissolution rate and the intensity of 
agitation in the range of 50 to 150 f.p.m. Therefore, a 
low agitation intensity of not less than 50 r.p.m. should 
be selected in the comparative evaluation of dissolution 
rates of fast release preparations. 
4. Interpretation of Dissolution Data 

Constant Surface hepa deoncené 


Under sink conditions where concentration change, 


(C. - Ci), is negligible, the term, Ch, drops out and Equation 
1 reduces to: 

dew 

apices (Eq. 6) 


Equation 6 implies that, since the dissolution rate is 
constant, it must follow zero-order kinetics and remain 
independent of the concentration of the dissolving solid. 
Therefore, the initial concentration of the solid, Cor could 
be substituted for the shiieetieh solubility of the solid, 
Cor in the above equation. Integration of the rate equation 
6 between time t and zero time, followed by substitution of 
oe roy C. will yield: 


= Eq. 7 
C Cais (Eq ) 
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which is the same as: 


Ce ee ett (Eq. 8) 


Rearrangement of Eq. 8 gives: 


piel Ss. (Eq. 9) 
Cy V 

Since the concentration of the solid dissolved at time t 

over the initial concentration of the solid is equal to the 


fraction of the solid dissolved, Eq. 9 simplifies to: 


F =KS t (Eq. 10) 
V 


where Fy is the fraction of the solid dissolved at time t. 
Therefore, a plot of the fraction dissolved versus time will 
yield a straight line with slope equal to KS/V. It should 
be noted that the slope is also equal to the apparent dis- 
solution rate constant, k. The intrinsic dissolution rate 
constant, K, may simply be computed by first dividing the 
slope with the surface area, S, and then multiplying the 
quotient with the volume of dissolution medium, V. 

Based on the Higuchi theoretical treatment (69) for 
diffusion-controlled drug release from insoluble, inert 
matrices under sink and constant surface area conditions, 
Deak este caller (70) were able to predict that a plot of the 
amount of drug released, Q, against the square root of time 


t would be linear if the diffusion-controlled mechanism 
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is operative, according to the following equation: 
Q=Kst?/ (Eq. 11) 


While studying the behavior of drug release from wax 

matrices compressed in the form of tablets, Schwartz et.al. 
(71) found that drug release conformed with the Higuchi 
diffusion-controlled release model as well as with the first- 
order release model which they depicted by the following 
relationship: 


‘log A = log AG =i Ke (Eq. 12) 
2.303 


where A is the amount of drug remaining in the tablet at 
time t, and AG is the initial amount of drug in the tablet. 
In order to differentiate between the two mechanisms, they 
made use of the logarithmic form of Eq. 11 and demonstrated 
that a plot of log. Q versus log. t was linear with slope 
equal to 0.5, indicating that the drug release data fitted 
Higuchi's diffusion-controlled release model according to 


the following relationship: 
Log.Oss Cloguk tatog, S) ti. 172) bog. t (Eq. 13) 


Variable Surface Area Concept 

Assuming that the percent surface area available 
for qiesolue on is proportional to the percent solid undissolved, 
Gibaldi and Feldman (72) showed that the dissolution process 
under sink conditions could be described by a first-order 


kinetic model. Introducing the concept that the surface area 
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available for dissolution under such conditions decreases 
exponentially with time, Wagner (73) derived a first-order 
rate expression for dissolution of solids whose surface area 


is constantly changing as follows: 


A= Aews (Eq. 14) 


Thus, a plot of the logarithm of the percent undissolved 
versus time will be linear under sink conditions. 

However, in many instances, the first-order dissolution 
data yield curved plots which are non-linear in the early 
part of dissolution. It is feasible that such first-order 
dissolution plots are merely artifacts. Under these condi- 
tions, Wagner (73) introduced a new concept of distribution 
functions as an alternative method of analyzing first-order 
dissolution data to estimate those dissolution parameters 
that adequately describe the data. His concept is based on 
the assumption that the percent dissolved is equal to the 
percent surface area made available for dissolution. Wagner 
suggested that the percent dissolved-time data which yield 
very poor first-order plots may be best approximated by 
logarithmic-normal distribution functions. When dissolution 
follows a log-normal distribution function, the percent 
dissolved-time data may be plotted on a logarithmic-probability 
graph paper to obtain a straight-line relationship so that 
parameters such as dissolution half-time could be estimated. 
The percent dissolved data is usually plotted on the probability 


scale and the corresponding time data on the logarithmic scale. 
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De BIOPHARMACEUTICAL CONSIDERATIONS 

In the development of solid dosage forms, the concepts 
of bioavailability have become very important. The assess- 
ment of bioavailability requires an understanding of the 
fate of drugs in terms of absorption, distribution, and 
elimination kinetics. 
1, Drug Absorption 

The absorption of drugs from the gastrointestinal 
tract may be defined as the transport of drugs from the 
extravascular depot into the blood. According to the pH- 
partition theory, the lipid-soluble drugs in unionized form 
are transported across the mucosal membrane by simple diffusion. 
However, the lipid-insoluble drugs are transported by an 
active transport mechanism. The rate of absorption of drugs 
from the small intestine is influenced by gastric emptying 
time. The presence of food in the stomach can delay gastric 
emptying which, in turn, can slow down the rate of absorption. 
Macdonald et al. (74) demonstrated that concomitant administra- 
tion of food following a single oral dose of sulfisoxazole 
reduced significantly the rate but not the total amount 
of absorption of sulfisoxazole. The type of food can 
also influence the rate of drug absorption. For example, 
when a lipid-soluble drug is consumed with a high-fat 
meal, the drug absorption is enhanced. Kraml et al. 
(75) demonstrated in rats that plasma levels of micro- 
nized griseofulvin suspended in corn oil were significantly 


higher than those of the same material suspended in water. 
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The effects of prolonged starvation on the absorption of 
drugs in rats have been observed by Doluisio et aly (46) 
They found that the rates of drug absorption in rats de- 
creased significantly when the animals were fasted for more 
than 20 hours. Intestinal transit time is another factor 
feck ipl nencas drug absorption. For a given drug, the 
longer the intestinal transit time the greater will be its 
degree of absorption. An excellent review on the physiological 
factors influencing drug absorption has been written by 
Mayersohn (77). 
2s Drug Distribution 

Soon after a drug is absorbed into the general circula- 
tion, the drug is transported by blood to the various sites 
of action where it equilibrates rapidly between the plasma 
and the tissues. ‘The distribution of drugs to the end organs 
will depend on the apparent volume of distribution, the 
interaction of drugs with plasma proteins, and the physico- 
chemical properties of the drugs. 

Apparent Volume of Distribution 
The concept of apparent volume of distribution 

becomes useful in estimating the total amount of drug in 
the body. It is a hypothetical figure which reflects the 
distribution of drug between the blood and the rest of the 
body. It does not represent the true volume of the body, and 
has no physiological significance. For instance, the blood 


levels of two different drugs following administration of 
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equal doses in an individual may not be the same, yet the 
total amount of each drug in the body may be the same, 
assuming that the drugs are completely absorbed and are 
not eliminated from the body by either sie SET or 
excretion. These differences in the blood levels can be 
accounted for by the differences in the distribution of 
the two drugs. The apparent volume of distribution is also 
related to body weight and hence its value becomes a char- 
acteristic property of drugs. In general, the apparent 
volume of age ei pation for an obese individual will be 
less than that for a lean individual. Therefore, in order 
to minimize dosage errors due to such inter-subject variation, 
the blood level data should always be corrected for body 
weight. For these reasons, calculation of doses based on 
mg/kg is preferred to other methods. 

Drug-Protein Binding 

The binding of drugs by plasma or tissue proteins 
plays a key role in drug distribution in the body. The 
unbound drug is capable of diffusing through biological 
membranes and is responsible for eliciting drug, action, 
Since protein binding follows simple saturation kinetics, 
the distribution of drugs will largely depend on the amount 
of free unbound drug in the blood. It is the plasma level 
of free unbound diffusible drug and not the total drug which 
is related to drug toxicity. A drug competing with some other 


drug for the same protein binding sites can enhance its 
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toxicity by displacing it from its binding sites. The 
diffusion of drugs into the erythrocytes can be affected 

by protein binding. The ratio of whole blood concentration 
to plasma concentration can be regarded as an index of 

free unbound diffusible drug. The uneven Seta eee of 
diphenylhydantoin between plasma and erythrocytes in humans 
was reported by Borondy et al. (78). They argued that the 
ratio of the order of 0.7 was due to a high degree of protein 


binding resulting in poor diffusion of diphenylhydantoin into 


the erythrocytes. 

Physicochemical Properties 

The distribution of weak electrolytes will depend 
on their pKa values and on differences between intracellular 
and extracellular pH values. The lipid-water partition 
coefficient of the unionized form of the drug is the rate- 
limiting factor in the distribution of drugs. Two drugs 
with the same pKa but different lipid solubility will ex- 
hibit different distribution characteristics. 
65 Drug Elimination 

The elimination of drugs from the body usually takes 

place by two competing pathways. Drugs, therefore, can 
be eliminated simultaneously by metabolism of drugs and 
excretion of both changed and unchanged drugs. The overall 
elimination. rate constant is the sum of the first-order 
excretion and metabolism rate constants. Like the apparent 
volume of distribution, the elimination half-life becomes 


a characteristic property of drugs. The concept of biological 
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half-life becomes vital in calculating appropriate dosage 
regimens. The biological half-life may vary from individual 
to individual due to genetic differences. Further, plasma 
protein binding of drugs can decrease the overall elimination 
rate and thereby increase biological half-lives of drugs. 

In his overview of drug-protein binding, Gillette (79) 
stressed the importance of such binding on drug elimination. 
Similar concern was expressed earlier by Gibaldi and Weintraub 
(80) who pointed out that, unless the biological half-life 

of a drug was determined from the far end of the linear 
segment of the semilogarithmic plots of blood level and 
urinary excretion data, the true half-life would be 


underestimated. 


Be SIGNIFICANCE OF OTHER IMPORTANT CONCEPTS 

Total..Body Clearance 

In pharmacokinetics the total body clearance, ml/min, 
heuidefined As, the. ratioevot the urinary excretion: rate, 
ma/miny to,the;blood.concentration, mg/ml. . The total 
body clearance can also be expressed as the product of 
the overall elimination rate constant and the apparent 
volume of distribution. Rowland (81) has demonstrated on 
the basis of area analysis that the total body clearance 
can be determined by dividing an intravenous dose by the 
corresponding area under the blood concentration-time 
curve. rhe total body eee nee isthe isun,oL then renal 


and hepatic clearances. The higher the value Orethes rota 
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body clearance the lower will be the bioavailability. 
Further, it should be emphasized here that the physio- 
chemical properties'of the drug, such as pKa andthe 
lipid-water partition coefficient will determine whether 
the clearance of an organic weak acid or base will be 
eiaended by the urinary pH changes. 

Dose Dependence 

Most biopharmaceutical evaluations are based on the 
assumption that pharmacokinetic events follow first-order 
kinetics. According to the Sppeeeeet chemical kinetics, 
dose-independent kinetics is just another name for first- 
order kinetics. In pharmacokinetics, the criterion for 
dose-independent kinetics is that the area under the 
blood concentration-time curve should be directly pro- 
portional to the dose administered. This implies that 
the fraction of the dose absorbed or eliminated will 
always be the same regardless of the dose level used. 
For a drug exhibiting dose-independent kinetics, the bio- 
logical half-life and the clearance will be independent of 
the dose administered. If the pharmacokinetics of the drug 
exhibit dose-dependency, then the area under the curve and 
the biological half-life and the clearance will vary from 
dose to dose. The causes of departure from linearity 
could be many, but only a few are of importance. Among 
these are: the protein binding and the saturation ope 


either absorption sites or metabolizing enzyme systems. It 
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is obvious then that the drugs exhibiting dose-dependent 
(non-linear) kinetics will follow Michaelis-Menton kinetics 


(saturation kinetics). 


I. BIOAVAILABILITY 

Dittert and DiSanto (82) have described bioavailability 
as the rate and extent of absorption of a drug into the 
systemic circulation. The relative bioavailability can be 
measured by comparing the ee under the blood concentration- 
time curve following administration of the test dosage form 
with the area under the curve following administration of a 
readily available dosage form. The reference standard 
dosage form is arbitrarily assigned an availability value of 
100 percent. The drug is considered to be fully available 
when the area ratio is equal to unity. And if the ratio is 
less than unity, the drug is not completely available. Re- 
cently, Lalka and Feldman (83) presented a mathematical 
treatment showing that absolute bioavailability of drugs whose 
renal clearance is influenced by the urinary pH changes can 
be approximated without reference to a parenteral dose. 
After a drug is absorbed from the gastrointestinal tract it 
reaches the liver first before entering the systemic circula- 
tion. In the liver a certain fraction of the oral dose will 
be cleared by the hepatic metabolism. Gibaldi and Feldman 
(84) referred to this effect of metabolism a drug has to 


undergo before reaching systemic circulation as the first- 
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pass effect. The first-pass effect can be demonstrated by 
comparing the areas under blood concentration-time curves 
for a drug following peripheral vein and portal vein in- 
fusions. If the area under the curve following portal vein 
infusion is significantly less than the area under the curve 
following peripheral infusion, then it can be concluded that 
the first-pass phenomenon for the drug is viable. 

In pharmacokinetics, the absorption rate constants 
are usually determined from the blood concentration-time 
plots by the method of Poste cing, Wagner and Nelson (85) 
introduced a method for the determination of absorption 
rate constants from the blood level data according to a one- 
compartment open model. They showed that the concentration 
of drug absorbed per unit volume of distribution at any time, 
t, can be determined from the blood level data following 
oral administration of the drug without having to determine 
the values of the fraction absorbed and the volume of dis- 


tribution. They derived the following relationship: 


(FD/V) , =e st a Be ender (Bqiy 75) 


O 


FD = concentration of drug absorbed per unit volume of 
V distribution 


Fl. = ifraction of drug absorbed 


V = volume of distribution 
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dose administered 
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blood concentration at time, t 


K_= elimination rate constant 


Terms on the right-hand side of the equation can be deter- 
mined experimentally from the blood level data. When the 
values of the right-hand side of the equation are plotted 

as a function of time, the curve will rise progressively 
unter) it reaches a plateau. Now, if the values. of the right- 
hand side of the equation are expressed as percentages of 
the asymptotic value and plotted as a function of time, the 
resulting curve will be a straight line, the slope of which 
will give the absorption rate constant. The absorption rate 
constant will be expressed in terms of the percentage of 

the maximum drug which is absorbed per unit time. Similarly, 
Loo and Riegelman (86) derived the following equation ac- 


cording to a two-compartment open model: 


where Ty is the tissue concentration at time, ts" According 
to Eq. 15, the concentration of drug absorbed in terms of 
FD/V at time infinity could be determined from the following 


equation: 
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Using Equation 17, Wagner and Nelson (87) derived the following 


relationship for the estimation of relative bioavailability. 


ee ee See ft mes (Eq. 18) 


where F, and F») are the fractions of dose absorbed from 
formulations 1 and 2. If the drug exhibits dose-independent 
kinetics, then the elimination rate constant, Koy will be 

the same for both the formulations, and will, therefore, can- 
cel out. Similarly, the dose, D, and the volume of distri- 
bution, V, will drop’ out too. The Equation 18, now, can 


be written as: 


Pie NO # Lee Cig. 9) 


where AUC is the area under the blood concentration-time 
Curve. Therefore, according to Equation 195 Tf a “drug 
exhibits dose-independent kinetics, then the areas under the 
blood concentration-time curve following oral administration 
of two dosage forms containing the same dose of a given drug 


can be compared to estimate the relative bioavailability. 
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In the case of drugs that are poorly available, a frac- 
tion of the dose could undergo chemical degradation, hydrolysis, 
or biotransformation at the absorption site. The parallel 
loss of drug at the absorption site could lead to erroneous 
interpretations. Notari et al. (88) have demonstrated that, 
when two or more simultaneous first-order pathways compete 
for the same drug at the absorption site, the Wagner and 
Nelson method will overestimate the true absorption rate 
constant. The overestimation results in an apparent first- 
order rate constant which is the sum of the true absorption 
rate constant and the rate constant for parallel loss of 
drug to the extravascular compartment. They indicated that, 
in order to obtain the true absorption rate constant, the 
apparent rate constant should be multiplied by the fraction 
of the dose Beerbed. However, Perrier and Gibaldi (89) 
determined experimentally that in instances where drugs are 
poorly absorbed, the true absorption rate constants can not 
be calculated by any method whether it be the Wagner and 
Nelson method or the feathering technique. In contrast to 
the findings of Perrier and Gibaldi, Leeson and Weintraub 
(90) have proposed an alternative technique of treating the 
data obtained prior to the onset of the lag time, which can 


determine the true absorption rate constant for some models. 
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EXPERIMENTAL 


Ye\es MATERIALS 

Benzoic acid! (certified A.C.S. SPRaSP Reh TASTY Tose? 
USP (1500 cps.), naphthalene*® (scintillation grade), poly- 
vinylpyrrolidone* (Povidone NF), sulfathiazole® BPC, and 
1,4-dioxane® were used as received, without further purifi- 
cation. Calorimetric standards such as indium, lead, tin, 
and zinc were obtained from the Fisher Scientific Co. Methi- 
sazone’, Mi fiearacote® USP, and sulfamethoxazole’ NF were 
supplied by the manufacturers. The purity of these compounds 
as indicated by the certificates of analysis was 99.4%, 
99.68%, and 99.80% respectively. Methisazone was used as 
supplied. Sulfisoxazole, sulfamethoxazole, and urea. 
(certified A.C.S. grade) were recrystallized from reagent 
grade methanol. All other chemicals and solvents employed 
in this study were reagent grade and they were used without 


further purification. 


1,2,6/10Pisher Scientific Co., Fairlawn, N.J., U.S.A. 
3BDH Chemicals Ltd., Poole, England 


*Dlasdone-C (K-30), supplied by the GAF corporation, 
New York, U.S.A. 


SBDH Pharmaceuticals, Toronto, Canada 
7Burroughs Wellcome & Co., Kent, England 


8 20ffmann-LaRoche Ltd., Quebec, Canada 
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Ls Preparation of Solid Dispersions 


Solid dispersions were prepared by the solvent evapora- 
tion method. Methanol was employed as a solvent for both 
sulfisoxazole and sulfamethoxazole. The solvent system for 
methisazone consisted of a mixture of acetone and methanol 
in equal parts. The solid components of the solid dispersions 
were accurately weighed and then dissolved in a minimum amount 
of the proper solvent system. The solution was then care- 
fully evaporated to dryness on a water bath. After complete 
evaporation of the solvent, the solidified mass was finely 
ground, sieved, and stored in a vacuum dessicator over an- 


hydrous calcium sulphate. 


24 Preparation of Physical Mixtures 


Powdered drugs were first passed through sieves, and 
the fraction between 270 and 325 mesh was collected for use 
in this study. The physical mixtures of carrier and drug 


were then prepared by simply mixing. 


oe Analysis of Test Preparations 


The concentration of drugs in the solid dispersions 
and the physical mixtures was confirmed spectrophotometrically, 
using a Unicam! SP 1800 double-beam spectrophotometer. Both 
sulfisoxazole and sulfamethoxazole in distilled water obeyed 


Beer's law at a wavelength of 258 nm. Methisazone in 0.2 N 


1pye Unicam Ltd., York Street, Cambridge, England 
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NaOH also obeyed Beer's law at a wavelength of 380 nm. Neither 
urea nor polyvinylpyrrolidone interfered with the assay pro- 


cedures at these wavelengths. 


Dis THERMAL ANALYSIS STUDIES 

There are two methods of thermal analysis, the visual 
and the differential. The visual method employs the cooling 
curve and the thaw-melt techniques. Of these, the thaw-melt 
method utilizing the capillary melting point technique is 
more Simple to use. However, it has a low sensitivity due 
to the fact that the measurements are based on subjective 
observations. This imposes a limitation on its use in 
detecting heat effects visually. on the other hand, the 
differential thermal analysis (DTA) method, by virtue of its 
inherent ability to detect very small energy changes, makes 
it possible to circumvent the limitation of the thaw-melt 
method in detecting heat effects. Since the capillary 
melting point method is effective in detecting melting 
points, DTA is often used as a complementary technique to 
aid in: the detection of other phase changes. In the present 
study, both methods of analysis were employed in characterizing 


solid dispersions prepared. 


Tee Capillary Melting Point Method 


A Thomas-Hoover capillary melting point apparatus’ was 


employed for the determination of thaw and melting points of 
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38 
certain binary mixtures. The heating rate for the more 
heat stable samples was established at 8°C min !. However, 
for the more thermolabile samples a heating rate of 24°C 
min ! was found to be necessary. A calibration curve 


for the melting-point apparatus was then constructed 


using organic standards obtained for this purpose. 


2. Differential Thermal Analysis Method 

One ayer tas of DTA over conventional thermal methods 
of analysis is that it can provide useful quantitative in- 
formation on the heats of fusion and transition of specimens 
under investigation. DTA is a simple, and sensitive analytical 
tool designed to detect and quantitate small changes in 
physical or chemical reactions associated with either heat 
loss or heat gain as a function of linear temperature rise. 
It can only record changes in energy content of reactions 
as exothermic or endothermic. It cannot identify the type 
of reaction involved. Prior knowledge of the type of reaction 
is a prerequisite for the interpretation of DTA peaks. A 
DTA thermogram is eben ded when temperature differential 
between sample and reference is plotted against reference 
temperature. It has been orn by Borchardt and Daniels (91) 
that the total heat of reaction, AH, is proportional to the 
area under the DTA peak as described by the following rela- 
eae eenape a 


ABE Bod, Bae Gigs Kuta (Eq. 20) 
C3 


larthur H. Thomas Co., Phila., Pa., U.S.A. 
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where K is the proportionality constant, AT is the temperature 
differential, A is the area under the DTA peak, and t is the 


time. 


Calibration of the DTA Instrument 

A Fisher model 300 Quantitative Differential Thermal 
Analyzer!, equipped with an automatically programmable furnace, 
was used for differential thermal analysis. When the instru- 
ment is calibrated against known weights of calorimetric 
standards whose heats of fusion or transition are known, 

DTA can lend itself to quantitative measurement of thermal 
effects. The calibration coefficient, 7, is characteristic 
of the instrument used, and should always be empirically 
determined for the fusion or transition temperature of each 
compound whose heat of reaction is to be determined. The 
method of calibration basically consists of plotting the 
calibration coefficients against the corresponding peak 
temperatures of fusion or transition. The units of J can 
either be expressed in calories per square inch or in 
calories per degree per minute. 

Using the method described by Guillory (92), the instru- 
ment was calibrated over a temperature range from 80 to 420°C. 
For this purpose 15.0+0.1 mg each of Naphthalene, Indium, 
Lead, Tin, and Zinc as standards versus the empty sample 


pan as reference were used. The areas under the endothermic 


Ipisher Scientific Co., Instrument Division, Pittsburgh, Pa., 
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peaks were measured by means of a planimeter!. The values 
of the calibration coefficient, J, were computed from the 
following equation, using theoretical heats of fusion for 
the above calorimetric standards as reported in the litera- 


ture (93) and a chart speed of 1 inch per minute. 


J shag MP =|AH + Ms P (EGC 2a) 
Se As ga ay Peek ese ry 
s Ss Ss Ss 
standard specimen 
where: 
og = Calibration coefficient, mcal deg ‘min * 


AH = heat of fusion, mcal mg” 


M = mass of sample, mg 
P = program rate, deg min ! 
A = peak area, sq. in. 


AT_ = differential temperature sensitivity, deg in, + 


T = reference temperature sensitivity, deg in ' 


Quantitative Determination of Heat of Reaction 

The unknown samples were accurately weighed to +0.1 mg 
and quantitatively placed into aluminum sample pans and en- 
capsulated. The test samples were then heated at a specified 
linear programming rate, using an empty sample pan as reference. 
Three thermograms were obtained for each sample under 


identical operating conditions. The areas under the DTA 


1Gelman Instrument Co., Ann Arbor, Michigan, U.S.A. 
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peaks were normalized to a chart speed of 1 inch per minute 
and the value of J corresponding to the temperature of the 
peak under consideration was obtained from the calibration 
curve for the instrument. The heat of reaction for the 
specimen was then computed by substituting the values of 

JEM AIP) 5 eA} ATS, and T. in Equation 21 and then solving 


the equation for AH. 


Ch. EQUILIBRIUM SOLUBILITY STUDIES. 

A series of solutions of ete concentrations of 
carrier in equal increments of 0.5% w/v in distilled water 
was prepared. An excess amount of drug (about 200 mg) was 
placed in 15-ml glass vials fitted with rubber closures. 
Ten-ml samples of the aqueous solutions of the carrier in 
varying pemecdmera tions were quantitatively transferred to 
these vials containing drug, and the vials were then securely 
stoppered. The contents of the vials were continuously 
agitated in a Dubnoff! metabolic shaking incubator at 25 and 
37°C constant temperatures for over 72 hours until equilibrium 
was attained under saturation conditions. When the vials 
were immersed in the constant-temperature water bath, care 
was exercised to ensure that the water level of the bath 
was well above the level of solution in the vials. Aliquot 
samples of the clear, supernatant, saturated solutions were 
withdrawn, using disposable syringes. The aliquots were 


immediately filtered through 0.45 micron pore size Millipore 


Iprecision Scientific Co., Chicago, Illinois, U.S.A. 
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filters’, using 13 mm Swinney adaptors!. After suitable 
dilution with water, absorbance of each filtered sample 
was measured in a l-cm cell against an appropriate blank 
at a predetermined wavelength. The amount of drug in 
solution was determined by dividing the absorbance by 
the slope of a previously constructed calibration curve 


for the drug. 


D. DISSOLUTION RATE STUDIES 

According to the laws of hydrodynamics, the dissolution 
from static solids, in the absence of any external applied 
agitation, will possibly occur under the influence of free 
convection of the dissolution medium as a result of the 
density gradient and the action of gravity. Therefore, under 
free convection, dissolution will not be controlled by dif- 
fusion alone, and the diffusion-controlled reaction will 
not be a rate-limiting step. In view of this, the dissolu- 
tion rate measurements in this study were made in distilled 
water at 37°C under forced convection by the rotating-disc 
and by the rotating-basket methods. 

In comparative dissolution studies, variable factors 
such as wetting ability, particle size distribution and 
hence specific surface area of the dissolving solid parti- 
cles, if not controlled, can influence the, dissolution 


rates. To minimize these untoward effects, non-disintegrating, 


IMillipore Corp., Bedford, Mass., U.S.A. 
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flat-faced pellets were used throughout the study. It 

was assumed that the geometry of these pellets remained 
constant during the dissolution process. While imposing 
this restriction on the surface area, it wens ee assumed 
that any change in surface area due to the dissolution of 
the solid would be negligible relative to the total surface 
area of the exposed solid. . The pellets were either mounted 
in a rotating disc holder or placed in a rotating basket 
assembly, and rotated at a constant speed of 54 r.p.m. 

such that the applied agitation was just sufficient to 
generate a forced convection flow of the dissolution medium 


around the dissolving solid. 


ha Preparation of Pellets 


A 400 mg quantity of each test material was compressed 
into a flat-faced pellet in a 5/8 inch die at a suitable 
pressure for 1 minute, using a Carver! laboratory press. 
The exposed surface was flushed with gentle air puffs (with 


the aid of a rubber bulb) to remove any loose powder. 


2a Rotating-Basket Method 
This method employs a USP-NF rotating basket technique, 


the details of which are essentially the same as described 
under U.S.P. XVIII (67) and N.F. XIII (66). In this method, 
the pellets after compression were removed from the die 


and stored in a dessicator containing anhydrous calcium 


Ipred S. Carver Inc., Summit, N.J., U.S.A. 
*Ssee Table XI for details of actual pressures employed. 
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‘sulfate until ready for use. The finished pellets were 
placed inside the rotating basket and the whole assembly 


was connected to the drive motor. 


sie Rotating-Disc Method 


This procedure was based on a method as reported 
by Levy and Sahli (63). The compression of the pellets 
in the die was carried out first by placing a metal 
plug over the test material and then by compressing the two 
together under desired pressure Snide enat. Che plug remained 
secured in the die following the removal of the punch. The 
Open end of the die was then sealed off by pouring molten 
paraffin wax over the metal plug so that only one surface 
of the pellet was exposed. The die with the pellet in 
place was stored in a dessicator over anhydrous calcium 
sulfate until such time as it was ready for use. The die- 
pellet combination was mounted in the rotating die holder 


whose shaft was connected to the drive motor. 


4. Dissolution Methodology 

All dissolution rate carer were run in triplicate, 
utilizing the USP rotating basket dissolution apparatus. 
In order to provide sink conditions for the dissolution, 
a relatively large volume of 1000 ml of distilled water 
was employed as the dissolution medium. The temperature of 
this medium was allowed to equilibrate with the temperature 


of the constant-temperature bath which was maintained at 
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3740.5°C. At time zero, the rotating assembly containing 
the sample was lowered into the dissolution medium to a 
depth of 5.0 cm from the bottom of the dissolution flask. 
Rotation was then commenced at a constant speed Of, 54.1 r p.m. 
Sample aliquots were withdrawn at appropriate time intervals 
and replaced with an equal volume of fresh dissolution medium 
maintained at 37°C. The aliquots were immediately filtered 
through 0.45 micron pore size Millipore filters, using 
Swinney adapters. After suitable dilution of the clear 
filtrate, the samples were assayed spectrophotometrically. 
The cumulative amount of the drug dissolved at any given 
time was corrected for the dilution effect due to repeated 


sampling, using the Wurster and Taylor equation (94): 


y= xX +3 DX (Eq. 22) 


Y = corrected amount dissolved in the a sample 


X_= uncorrected amount dissolved in the noe sample 
U = size of the sample removed 
V = volume of the dissolution medium 


X= uncorrected amount dissolved at time t 


E. ANALYTICAL PROCEDURES FOR BIOLOGICAL FLUIDS 


rs Estimation of Methisazone in Whole Blood, Plasma, and Urine 


Methisazone, an antiviral drug, is sparingly soluble 


in water. In view of its limited aqueous solubility and 


FG es © a aaa 1S a} a F- i 2 “a 
. i ; 


ve ae aa oa 
| a ie ‘ iy, 


Reel waka pers itt wend 


(tts G.X LENE TO de saz Shenneee & ae E ee 


ais Bea dai: tun loes £b ne att i wade nes 


bevetl £t viede Hosa s1aW icine 


\ 

ne bi pew Yeedan ps x6 ichole apy 

“9! emg de bevicusib saves hemo soo ci =e 5 90 
er a 


(pO ses 


gti pease 


aldvise ‘glentaiae or me | levivisns 16, “sseoaseidiaat a 4s i 


{ \ ; j ‘ ia AD, a 


~ 


45 


inherent thermal instability, it was felt that GLC tech- 
niques for the quantitative analysis of this drug in bio- 
logical fluids could pose several problems. .On the other 
hand, spectrophotometric techniques involving extraction 
of methisazone with toluene had been reported in two rather 
brief and sketchy communiques (95,96). While the proce- 
dures appeared to be in a preliminary stage of development, 
it was considered advisable to study them more fully since 
no completely tested method for the measurement of methisa- 
zone levels in body fluids had been published. As a 
consequence, a simple, direct, and rapid method of analysis 
for methisazone using a spectrophotometric technique was 
developed independently. The rationale for this methodology 
was based on the observation that methisazone undergoes a 
bathochromic shift accompanied by a hyperchromic effect in 
alkaline medium, giving rise to a chromophore-absorbing 
maximum at 420 nm. 

Calibration Curve for Methisazone in 1,4-Dioxane 

A stock solution of methisazone was prepared by dissolving 
100.0 mg of methisazone in 500 ml of 1,4-dioxane. The stock 
solution was then serially diluted with 1,4-dioxane to give 
standard Ssolutions,.’containing. 2.0, 4.0, .8..0, 12.07, 1620), 
20.0, and 24.0 mcg methisazone/ml, respectively. 

The stock and standard solutions were freshly prepared. 
And color development was achieved by diluting the standard 


solutions with equal volumes of 1 N NaOH. The color was 
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found to be stable at room temperature for at least five 
minutes. Using a l-cm cell, absorbance of the alkaline 
standard solution was measured against a reagent blank at 
420 nm. A Unicam’ SP 600 Series 2 single-beam spectro- 
photometer was employed in the determination, and readings 
were usually taken within one minute of color formation. 
The standard curve was then constructed by plotting the 
absorbance values against the corresponding concentrations 


of methisazone in 1,4-dioxane. 


Extraction Procedure 

Two milliliter aliquots of rat whole blood, plasma, or 
urine containing 12-50 mcg methisazone were transferred to 
15-ml1 glass-stoppered conical centrifuge tubes. To each 
Be. errrcce tube 8-ml of 1,4-dioxane was added. The mixtures 
were horizontally shaken on a reciprocating mechanical shaker? 
for 20 minutes. The tubes were then centrifuged for 10 minutes 


at 3000 r.p.m. A 5-ml portion of the supernatant liquid was 
removed by aspiration. This protein-free portion was then 
transferred to a 10-ml volumetric flask, and diluted to 
volume with 1 N NaOH. The solution was mixed by gently 
inverting the flask several times. The absorbance of the 
alkaline sample was then measured immediately at 420 nm 
against an appropriate blank treated as above. The con- 


centration of methisazone in the sample was determined by 


reference ‘to the calibration curve constructed previously. 


‘pye Unicam Ltd., York Street, Cambridge, England 
2Eberbach & Sons, Ann Arbor, Michigan, U.S.A. 
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Percent Recovery Studies 

Blank blood and urine specimens were obtained for the 
percent recovery studies. In order to get essentially 
non-hemolyzed whole blood, arterial blood from the abdominal 
aorta was collected in a heparinized syringe. A portion 
of the blood sample was centrifuged to harvest clear plasma. 
The urine samples were simply diluted five-fold with distilled 
water. Six reference solutions containing known amounts of 
methisazone in 1,4-dioxane were breaded in 15-ml glass-stoppered 
conical centrifuge tubes, and 2.0 ml of whole blood, plasma, 
or diluted urine added to each tube and the volume adjusted 
to 10 ml with 1,4-dioxane. Simultaneously, a series of six 
reference solutions of equivalent concentrations was prepared. 
The samples were Oercaceed as described previously under the 
extraction procedure. The ratio of the amount of methisazone 
recovered from biological fluids to the amount of methisazone 
present in the corresponding reference solutions was deter- 
mined. The quotient of these ratios multiplied by 100 gave 
the percent recovery of methisazone. In the case of in- 
complete recoveries from whole blood, plasma, or urine, 
calibration curves for methisazone in whole blood, plasma, 
or urine were constructed so that methisazone levels could 


be corrected for recovery losses. 


Reproducibility of the Extraction Procedure 


To obtain an estimate of the error due to variation 


in the extraction procedure, the reproducibility of the 
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recovery of methisazone from spiked samples was deter- 
mined by analyzing replicate samples to which known amounts 


of methisazone had been added. 


Precision of the Measurement 

In order to determine the precision of the method of 
analysis, nine replicate analyses were run on the same blood 
sample. The precision expressed in terms of the coefficient 


of variation was calculated according to the following 


formula: 
Coefficient of Variation = Standard Deviation x 100 
Mean 
(Eo 23) 
2% Colorimetric Determination of N!-substituted Sulfonamides 


in Whole Blood 

The most commonly used colorimetric method for the 
quantitative measurement of N-substituted sulfonamides in 
biological fluids is that of Bratton and Marshall (98). This 
analytical procedure is specific for aryl amines and is based 
upon the diazotization of the primary amino group attached 
to the aromatic ring at the N*-position. The absorbance 
of the colored diazonium salt was measured at 545 nm. In 
the present study, this method was selected as the method 


of choice for the quantitative determination of sulfonamide 


levels in blood. 
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Calibration Curves 

One hundred mg each of sulfisoxazole and sulfamethoxazole, 
previously dried at 105°c for 5 hr. were accurately weighed 
and quantitatively transferred to 2000-ml volumetric flasks. 
The powders were then dissolved in a minimum amount of 
methanol and diluted to volume with distilled water. Suit- 
able aliquots of this stock solution were further diluted 
with distilled water to obtain standard solutions in the 
2.5-100 mcg/ml range. One ml each of the standard solutions 
was pipetted into 10-ml volumetric flasks. To each flask 
0.2 ml of 15% trichloroacetic acid was added followed by 
1.0 ml of 0.1% sodium nitrite. The flasks were stoppered 
and the contents mixed. The mixtures were allowed to stand 
for 5 minutes before the excess nitrous acid was destroyed 
by the addition of 1.0 ml of 0.5% ammonium sulfamate. As 
soon as nitrogen evolution had ceased, 1.0 ml of 0.13 N- 
(l-naphthyl) ethylenediamine dihydrochloride was added. 
After the color had developed the volume was adjusted to 
the mark with distilled water, A reagent blank was also 
prepared. All the reagents were freshly prepared. The 
absorbance of the standards was measured in a l-cm cell 
against the reagent blank at 545 nm.;, using the Unicam 
SP 600 spectrophotometer. Standard curves were then con- 


structed by plotting absorbance as a function of concen- 


tratron- 
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Extraction, Procedure 

One hundred microliter aliquots of rat whole blood were 
hemolyzed with 1.9 ml of distilled water in15-ml glass- 
stoppered conical centrifuge tubes. To es) ae 2.307 an 
of 15% trichloroacetic acid was added followed by 6.0 ml 
of distilled water. The stoppered tubes were horizontally 
shaken on the reciprocating mechanical shaker for 20 minutes 
after which they were centrifuged for 10 minutes at 3000 
r.p.m. The protein-free supernatant liquids were recovered by 
aspiration and 1.0 to 7.0 ml aliquots of these were analyzed 
by the colorimetric procedure described previously. 

Percent Recovery Studies 

Blank blood was hemolyzed by diluting it five-fold 
with distilled water. Six reference solutions containing 
known amounts of sulfisoxazole or sulfamethoxazole were placed 
in 15-ml glass-stoppered conical centrifuge tubes. Two ml 
of hemolyzed blood was added to each tube followed by 2.0 
ml of 15% trichloroacetic acid and the volume was adjusted 
to 10.0 ml with distilled water. Simultaneously, a series 
of six reference solutions of onda lane concentrations was 
prepared. The samples were extracted as described previously. 
Percent recoveries of sulfisoxazole or sulfamethoxazole from 


whole blood were determined by the method described under 


percent recovery studies. 


Reproducibility of the Extraction Procedure 
The reproducibility of the recovery of sulfisoxazole 
or sulfamethoxazole from spiked whole blood was ‘determined 


by the procedure identical to that described for methisazone. 
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Precision of the Measurement 
The precision of the colorimetric method was deter- 
mined by a procedure identical to that described for 


methisazone. 


Bis BIOAVAILABILITY STUDIES 

The in vivo availability profiles obtained following 
oral administration of the pure drugs, solid ‘dispersions, 
and physical mixtures were compared by estimating the rate 
and extent of absorption in the rat based on the evaluation 


of blood levels and urinary excretion data. 


i Protocol for Single-Dose Oral Administration to Rats 
Adult albino male rats of the Wistar strain weighing 
between 350-500 g were used as the test animals in this 
study, The rats were isolated by individually housing 
them in cages. The rats were fasted for 16 hr. prior to 
oral administration, but water was accessible for drinking. 
However, water was removed from the animals one hour before 
the commencement of the experiment. Blood and urine speci- 
mens collected prior to drug administration were treated 
as the blanks. The animals were given by oral intubation? 
a single dose of 500 mg of the drug or its equivalent per 
kg body weight as an aqueous suspension. The suspensions 
were made in a 0.2% aqueous solution of methylcellulose 


just prior to the time of dosing. All doses were prepared 


1tntubation was carried out by means of a 15-gauge needle 
which was 7 cm long with an external diameter of 3mm. 
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as 50 mg/ml and were administered to unanesthetized animals 


at a constant dosing volume of 10 ml/kg. 


2. Blood Level Studies in Rats 

Estimation of Methisazone 

Twenty-four animals were used in this study. Groups 
of three rats each were sacrificed at predetermined time 
Peet veto Ot Os2zo, UNS, nly 2, 3, 4, 5S, 6, 7; “and: 8 hr. 
following oral administration of a single dose. No drug 
was detected in the blood 8 hr. after ingestion of methisazone. 
All animals were anesthetized by injecting urethane (ethyl 
carbamate) intraperitoneally at the dose level of 1.5 mg/g. 
Blood samples were drawn into heparinized syringes from the 
heart ibyecardiac puncture.) .A 2.0°ml aliquot“of leach 
heparinized Ga “Shec ines was immediately analyzed by the 
method described previously under analytical procedure. 
Each blood specimen was analyzed in duplicate, using blood 
obtained from control animals as a blank. As a check on 
the assay procedure, reference standard solutions of methisa- 
zone were assayed concurrently with unknown blood samples. 

Estimation of N’-substituted Sulfonamides 

Three animals ated used in this study. Each animal 
was treated as his own control. Blood specimens were ob- 
tained prior to and at specified times after oral administra- 
tion of a single dose. One hundred microliters of whole 
blood samples were withdrawn from the tail vein into 


heparinized disposable micro-pipettes’. The contents of 


‘Clay Adams, Becton, Dickinson and Company, Parsippany, 
Nid ae, UiaS. AC. 
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the pipettes were expelled into 15-ml glass-stoppered coni- 
cal centrifuge tubes containing 1.9-ml distilled water. 

The inside of the pipettes was rinsed two or .three times. 

Two ml aliquots of 15% trichloroacetic acid were added to 
each tube. The volume was then adjusted to 10-ml with 
distilled water. The blood specimens were then analyzed 
according to the method described previously under analytical 


procedures. 


By Urinary Excretion Studies 


Urinary excretion studies of methisazone were conducted 
under uncontrolled urinary pH conditions using three animals. 
The animals were placed in individual metabollic cages, 
and allowed to fast for 16 hr. Blank urine samples were 
collected prior fohené oral administration of a single dose. 
Urine samples were collected for 72 hr. except in certain 
instances where urine was collected for 96 hr. Both the 
urine and the washings were combined and transferred to 
25-ml volumetric flasks. The volume was then adjusted to 
the mark with distilled water. The diluted urine samples 
were then centrifuged for 10 minutes at 3000 r.p.m. and 
2.0-ml aliquots of these were analyzed by the method 


described previously under analytical procedure. 
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RESULTS 


A. THERMAL ANALYSIS STUDIES 

Sekiguchi et al. (99) have proposed three methods of 
sample preparation for thermal analysis. These methods may 
bewrererred to was the physical mixture, the. fusion,,, and 
the solvent evaporation methods. The authors also reviewed 
the merits of these methods with regard to the determination 
of phase diagrams. In their eonoeren the presence of a large 
surface area in both the fused and evaporated mixture samples 
would cause melting to occur at the correct temperature, and 
hence data obtained on these mixtures would be more meaning- 
ful in constructing phase diagrams. It is believed that 
samples prepared by the evaporation method may show better 
thermal stability than those prepared by the fusion method. 
Certainly in those instances where the components have 
a tendency to decompose on fusion, the evaporation 
method would be indicated for thermal analysis. Chiou 
and Niazi (19) have indicated that the interpretation 
of phase diagrams constructed from data obtained on physical 
mixtures alone can be inconclusive or erroneous in confirming 


the existence of solid solution formation. 


its Calibration of the Instruments 


The operating conditions for the Fisher QDTA’ are listed 


under ‘Table I. It can be seen from the table that the sen- 


‘Quantitative differential thermal analyzer 
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TABLE I 


Operating Conditions for the Fisher Quantitative Differential 
Thermal Analyzer 


Variables Standards* sx? smo uz 
Sample Size: £5750 Sing 8.0 mg 5.0 mg 5.0 mg 
Reference: Empty Pan Empty Pan Empty Pan Empty Pan 
Atmosphere: Static: Air Stachicwntrs §ocatic: Arr Seacic. Aad, 
Chart Speed: 1 in min 0.5 in min. 0.5 in min” 0.5 in min” 
Program Rate: 20°C min” 20°c min 10°C min 10°C min7 
Sensitivity: 

AT - Peele ing sO.s°C\in® | 023°C in’ 72! 0)3°C: in: 
ig) (eapoein iis; 79O dn 13.7°C. in «13.7ee in 


arisher calorimetric standards “sulfamethoxazole 


Sulfisoxazole OMeehieasone 


TABLE II 


Calibration Data® for the Fisher Quantitative Differential 
Thermal Analyzer 


Calorimetric Fusion Temperature, Calibration_Coeffjcient, 
Standards OC mcal deg min 

Naphthalene 84.0 baa 7e0e°P 

Indium. 15520 1.34+0.04 

Tin 230.0 1 4020202 

Lead 32300 1. 7440.20 

Zinc a7 Olas 2.0740.15 
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sitivity of the instrument was kept constant throughout the 
investigation. The calibration data for the Fisher QDTA are 
Summarized in Table II. The theoretical heats of fusion used 
in the determination of calibration coefficients were 35.06, 
6.79, 14.24, 5.50, and 24.40 cal/g for Naphthalene, Indium, 
Tin, Lead, and Zinc respectively. The fusion temperature 
for each standard sample was taken as the extapolated peak 
temperature of the endothermic peak. The plot of the cali- 
bration coefficients versus the fusion temperature is shown 
in Figure 1. In order to confirm the validity of the cali- 
bration, the heats of fusion of two reference substances, 
benzoic acid and sulfathiazole, were determined. As can be 
seen from Table III, the observed values were in agreement 
with reported literature values (92,93). 

The data for the calibration of the Thomas-Hoover 
Capillary Melting Point Apparatus is presented in Table IV 
and the calibration curve for the instrument is depicted 


in Figure 2. 


Pikes Construction of Phase Diagrams 

The construction of phase diagrams from data obtained 
by thermal analyses can provide information on the mechanism 
for solid dispersion formation. Sekiguchi et al. (100) have 
pointed out that the incidence of either congruent or in- 
congruent melting points in binary systems is usually asso- 
ciated with complex formation between the two components. 


On the basis of phase diagram studies, they were able to 
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CALIBRATION COEFFICIENT, mcal deg! min“! 


2.0 


INSTRUMENT: 
SAMPLE SIZE: 


REFERENCE: 


a, 


FISHER THERMALYZER 
15.0 mg 
EMPTY ALUMINUM PAN 


ATMOSPHERE: STATIC AIR 
HEATING RATE: 20°C min“! 
CHART SPEED: 1inmin~! 
SENSITIVITY: | AT —0.3°C in! 


T — 13.7 °C in‘! 


200 300 “400 
PEAK TEMPERATURE, °C 


Figure 1 - Calibration Curve for the DTA Instrument 
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TABLE III 


Calorimetric Measurements of Reference Substances 


Observed* Reported 
Benzoic Acia? 
Fusion Temperature (°c) 126.00 122.40 
Heat of Fusion (cal/g) 37220 33. 89 
Sulfathiazole© 
Transition Temperature bqel 167.00 Le1L.00 
Heat of Transition (Kcal/mole) Lead 1.42 
Fusion Temperature (°c) 203.00 200.00 
Heat of Fusion (Kcal/mole) 7.14 5.9 Fi 


“average of three determinations 
Reported literature values (93) 


“Reported literature values (92) 


TABLE IV 


Calibration Data for the Thomas—Hoover Capillary Melting 
Point Apparatus 


Reference Melting Point, we 

Standards” Expected Observed? 
SEPEETSRTTRE SsS  e  OReE Meseemelenn 2 stn, LY 
Vanillin 83.0 8Si-8 
Acetanilid LV 6...0 116. 2 
Acetophenetidin 236.0 136%, 7 
Sulfanilamide Pe tieo.5 165.5 
Sulfapyridine 193.0 LOL 9 
Caffeine 23 65 23 o's 
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Figure 2 - Calibration Curve for the Capillary 
Melting Point Apparatus 
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characterize a sulfisoxazole-aminopyrine binary mixture as a 
eutectic system in which a complex with incongruent melting 
point was formed between the components. 

During the initial differential thermal analyses, it 
was found that a re-run of the re-solidified urea samples 
obtained from the original run yielded thermograms showing 
an extra endothermic peak at 100°c. In addpeion to jthis., 

a definite shift of the major endotherm to a lower tempera- 
ture was observed in each case. It can be seen from Figure 


3 that, on repeated DTA runs, the thermal effects of the 


extra endothermic peak are magnified. This implies 
that urea partially decomposes on melting and subse- 
quently forms a eutectic mixture with its thermally-decomposed 
fraction. Because of the decomposition of urea on exposure 
to heat, the use of samples prepared by the fusion method 
was precluded from this study. Instead, evaporated mixtures 
were used throughout the present investigation. Phase dia- 
grams were constructed by plotting the thaw and melting point 
temperatures against corresponding composition of the binary 
mixtures. 

Solid Dispersions containing Urea 

The capillary melting point data as shown in Tables V 
and VI were obtained on the evaporated mixtures. The phase 
diagrams for the sulfisoxazole-urea and sulfamethoxazole- 


urea binary systems constructed from the capillary melting 
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DTA THERMOGRAMS OF 100% PURE UREA 


ORIGINAL RUN 


FIRST RERUN 


SECOND RERUN 


40 60 80 100 120 140 160 | 
REFERENCE TEMPERATURE, °C 


Figure 3 - DTA thermograms of Pure Urea 
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TABLE V 


Capillary Melting Point Data for Phase Diagram of 
Sulfisoxazole-Urea Binary System 


Temperature”, e 


Percent Thaw Incongruent 
Sulfisoxazole Point Melting Point Melting Point 
0.0 $55.0 a7 0" 
200 132.2 136.0 
5.0 132.0 135.0 
1000 L320 134.0 
20.0 131.0 138.0 
25.0 L32.0 132.2 
30.0 131.0 133.0 
40.0 132.0 134.0 138.2 
50.0 132.0 136.0 143.0 
60.0 135.0 139.2 147.0 
70.0 138.0 141.20 15a. 6 
80.0 138.0 150.0 168.0 
9020 - 164.0 . 182.0 
9550 175.0 189.0 
98.0 184.0 195.0 
100.0 192.0 200.0° 


SE SS Se 


faverage of five determinations 
Melting point of pure urea 
“Melting point of pure sulfisoxazole 
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TABLE VI 


Capillary Melting Point Data for Phase Diagram of 
Sulfamethoxazole-Urea Binary System 


Temperature’, rie 
Percent Thaw Incongruent 
Sulfamethoxazole Point Melting Point Melting Point 
0.0 135.0 (70 
5..0 124.6 U35.. 0 
10.0 120.4 133.4 
20.0 19.0 ES. 0 
30.0 119.4 13050 
40.0 118.0 12270 128.0 
50.0 120-0 122.4 126.0 
epee A rls. 0 122.0 lupzsyed 
60.0 r1820 T2250 124.0 
65.0 diy BS a6) W220 128.0 
68.0 118.0 ¥22.-0 S20 
TOO 11950 T2220 ig er) 
75.0 119.4 sll Pole 138.0 
80.0 liad to eo (6) 122.4 146.0 
90.0 120.0 156.0 
95.0 12370 163.8 
100.0 167.0 £7020 
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faverage of five determinations 
Melting point of pure urea 


“Melting point of pure sulfamethoxazole 
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point data are shown in Figures 4 and 5. DTA thermograms 
of the sulfisoxazole-urea system are depicted in Figures 

6 and 7, and those of the sulfamethoxazole-urea system in 
Figures 8 and 9. The thermograms for 100% urea, 100% sul- 
famethoxazole, and 100% sulfisoxazole exhibit fusion peaks 
at 034, 165, and 192°C, respectively. These data compare 
favorably with literature values of 136°C CD) ye, 16 61,09 4, 
and 195°C (101), indicating that these compounds were of 
satisfactory purity. 

A phase diagram of the methisazone-urea binary system 
was constructed from differential thermal analysis data 
obtained on the evaporated mixtures. The data for the phase 
diagram, as shown in Figure 10, are summarized in Table VII. 
Figures 11 and 12 illustrate DTA thermograms of the methisazone- 
urea binary system. These thermograms were used in the con- 
struction of the subsequent phase diagram. 

Solid Dispersions containing PVP 

The thermal analysis of binary systems containing PVP 
indicated that there was no phase relationship between the 
components involved. The effects of varying amounts of 
PVP on the melting points of sulfisoxazole, sulfamethoxazole, 
and methisazone are illustrated in Figures 13, 14, and 15 


respectively. 
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200 


CAPILLARY MELTING POINT DATA 
@ THAW POINT 
@ MELTING POINT 


180 F A INCONGRUENT MELTING POINT 
S) 
i 
oc 
= 
<— 160 
oc 
Lu 
(ae 
= 
LU 
feo 
140 
120 
SULFISOXAZOLE 20 40 60 80 100 


100 80 60 40 20 UREA 
PERCENT COMPOSITION 


Figure 4 - Phase Diagram of Sulfisoxazole-Urea 
Binary System 
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180 


CAPILLARY MELTING POINT DATA 
@ THAW POINT 
@ MELTING POINT 


. 160 F A INCONGRUENT MELTING POINT 
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Figure 5 - Phase Diagram of Sulfamethoxazole-Urea 
Binary System 
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25% SULFISOXAZOLE 
75% UREA 


0% SULFISOXAZOLE 
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20% SULFISOXAZOLE 
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80 120. 160 200 80 120 160 200 
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Figure 6 - DTA thermograms for Sulfisoxazole-Urea 
Binary System 
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Figure Wee DR thermograms for Sulfisoxazole-Urea 
Binary System 
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0% SULFAMETHOXAZOLE 


100% UREA 


5% SULFAMETHOXAZOLE 
95% UREA 


10% SULFAMETHOXAZOLE 
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Figure 8 - DTA thermo 
: grams for Sulfameth ee 
Binary System oxazole-Urea 
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55% SULFAMETHOXAZOLE 


45% UREA 
60% SULFAMETHOXAZOLE 


40% UREA 
70% SULFAMETHOXAZOLE 
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TABLE VII 


Differential Thermal Analysis Data for Phase Diagram of 
Methisazone-Urea Binary System : 


Temperature’, Se 
Percent 
Methisazone Eutectic Peritectic Liquidus 
0.0 | 127.0 Te 23° 
21:0 126.90 1320 
5s 0 124.0 129.0 
350 129.0 185.3 
103.0 L290 187.0 
15.0 128.0 187.0 198.0 
20.0 128.0 "STO 202.0 
30.0 phe7s3 186.6 Zu 
40.0 12603 186.3 25 30 
49.0 V2823 19:0°5:6 211.3 
50's 0 2623 18723 217.0 
SLa0 thee 219.0 
Doe 186.0 Pade ae (8) 
60.0 | 185.3 220.6 
706.0 LS. 3 226.0 
90.0 181.0 2386 
100.0 245.0 25006 
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@vean values from three DTA thermograms 
Melting point of pure urea 


“Melting point of pure methisazone 
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Figure 10 - Phase Diagram of Methisazone-Urea 
Binary System 
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40% METHISAZONE 
crimes ore \ 
20% METHISAZONE | 
~\ fs URE \y— 


8% METHISAZONE 


92% UREA 


5% METHISAZONE 


95% UREA 
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ENDO <—— AT —> EXO 
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Figure 11 - DTA thermograms for Methisazone-Urea 
Binary System 
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100% METHISAZONE 
0% UREA 
90% METHISAZONE oe 
10% UREA 
70% METHISAZONE 
6 a | 
60% METHISAZONE 
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0 120 140 160 180 200 220 240 
REFERENCE TEMPERATURE, °C 


Figure 12 - DTA thermograms for Methisazone-Urea 
Binary System 
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100% SULFISOXAZOLE 
0% PVP 


90% SULFISOXAZOLE 
10% PVP 


80% SULFISOXAZOLE 
20% PVP 


70% SULFISOXAZOLE 

. 30% PVP 4 
60% ; 
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40% 
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160 170 180 190 
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Figure 13 - DTA thermograms for Sulfisoxazole- 
Polyvinylpyrrolidone Binary System 
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~ 100% SULFAMETHOXAZOLE, 0% PVP 


90% SULFAMETHOXAZOLE, 10% PVP “ 


80% SULFAMETHOXAZOLE, 20% PVP 


75% SULFAMETHOXAZOLE, 25% PVP 


a 
70% SULFAMETHOXAZOLE, 30% PVP 


145 150 iss.) 160 165 
REFERENCE TEMPERATURE, °C 


Figure 14 - DTA thermograms for Sulfamethoxazole- 
Polyvinylpyrrolidone Binary System 
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Figure 15 - DTA thermograms for Methisazone- 
Polyvinylpyrrolidone Binary System 
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Bs EQUILIBRIUM SOLUBILITY STUDIES 

Equilibrium solubility studies were conducted with a 
view to determining any possible interaction between drug 
and carrier in aqueous solution as well as the Significance 
of the solubilizing effect. The solubility method described 
by Higuchi and Zuck (31,32,33) was used to determine the 
thermodynamic parameters for the urea and polyvinylpyrrolidone 
complexing systems. The average molecular weight of the PVP 


used in the present study was approximately 40,000. 


Ly Theoretical Considerations 
According to the law of mass action, the bimolecular 
interaction between drug and carrier may be represented as: 


k, 
aoe 
mD> +. C D=-C (Eq. 24) 


where D is the drug, C is the carrier, m is the number of 
moles of drug, k; is the association rate constant, and 
ko is the dissociation rate constant. The association equi- 


librium constant, Koy for the interaction may be written as: 


eed 
P]  [e] 


The nature of complex formation at any given temperature can 


(Bq. 25) 


be investigated by empirically determining the association 
equilibrium constant for the complex by the use of the 


following relationship (102): 
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(Dite= 4D.) 
K, = = = = = (Eq. 26) 
(D.) [mc - (Dy - D,)| 
where: 

Da = total molar concentration of drug in presence of 
carrier 

De = saturation solubility of drug in moles per liter 
in absence of carrier 

Co = original molar concentration of carrier added 


to the system 
Dividing both the numerator and the denominator of the 
second term of Eq. 26 by the original carrier concentration, 


Cyr we have: 


Ka ig a. (aie (Eq..27) 
(D.) nie (D, = D.) 
<5 


As can be seen from Eq. 27, the association equilibrium 
constant, K_, can be evaluated from solubility measurements 
by plotting drug solubility against carrier concentration. 
When a plot of the total molar concentration of drug, Dos 
versus the original molar concentration of carrier, Cor yields 
a straight line with intercept De and slope equal to 
(D, - D3)/C,» Eq. 27 may simply be written as: 
Slope 

KO = (Eq. 28) 
(m- Slope) 
Connors and Mollica (102) have pointed out that, if the 
slope of the solubility plot is less than one, then the 
complex formed is of the 1:1 type. . However, nea the slope 
is greater than unity, then m is probably equal to 2. 


Similarly, if the value of the slope is greater than 2, then 
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value of m is probably equal to 3. These authors have also 
indicated that the solubility diagrams may show either 
linearity or positive curvature depending upon whether the 
complex formed has one or two moles of carrier. 

The association equilibrium constant, Ko is related 
to the standard free energy change, AF°, by the following 
relationship: 

-AF° = RT ln K. (Eq. 29) 
The dependence of association equilibrium constants on 
temperature can be represented by the Gibbs-Helmholtz 
equation: 


a, =A 
log K, = ag 


2°. 303R 


wil Constant (Eq. 30) 
dy 
According to Eq. 30, a plot of log K, versus 1/T should 
result in a straight line relationship, assuming that 
fe) 
AH, 
vibe then can be calculated from the slope of the line as 


is independent of temperature. The heat of formation, 


follows: 
AH,” = -slope x 2.303 R CEO 4 3k) 
When the values of K, at two temperatures are known, the 
~O 


heat of formation AH, , can be determined from the following 


equation: 


fe) 
fe) =AH 
K, at 25 -C ig a ‘ 1 (Eq. 32) 
log fo) = 
heat > 7c gee R Doge  ak0 
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The entropy change, Ase for the interaction can be calculated 


by substituting AH° and AF° into the following equation: 


fe) (Eqs 33) 


Dr. Calibration Curves, Solubility Data and Thermodynamic Parameters 


The data for the calibration curves of sulfisoxazole, 
sulfamethoxazole, and methisazone in distilled water, as 
depicted in Figure 16, are summarized in Table VIII. The 
effects of urea and polyvinylpyrrolidone on the solubility 
of various drugs in distilled water at 25 and 37°C are re- 
ported in Tables A-l to A-4 (Appendix A). The drug solu- 
bilities as a function of carrier concentration at 25 and 
37°C were plotted as shown in Figures 17-20. The regression 
lines were fitted to the solubility data by a computer- 
programmed least-squares method, using a PDP-8/L minicomputer’. 
The co-ordinate units were converted into molar units and 
slopes were determined to facilitate comparative evaluation. 
The association equilibrium constants were then computed by 
substituting the values of the slopes and Ds in Equation 28. 
The values of thermodynamic parameters for the interaction 
were then obtained from association equilibrium constants 
determined at 25 and 37°C. The free energy change, the heat 
of formation, and the entropy change were calculated by 
solving Equations 29, 32, and 33 respectively. The data 
obtained on these thermodynamic parameters are summarized 


in Tables IX and X. 


Ipigital Equipment Corporation, Maynard, Massachusetts, U.S.A. 
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TABLE VIII 


Linear Relationship between Absorbance and Drug Concentration 
in Water 


Concentration, Absorbance®@ 

mcg/ml1 Sulfisoxazole” Sulfamethoxazole” Methisazone® 
eee -- -- 0.070+0.006 
2450 0.150+0.010 0.130+0.010 0.150+0.006 
Cae -- -- 0.240+0.000 
5.00 0.300+0.015 O%.27720.015 0.33040.006 
6.25 -- -- 0.420+0.006 
7.50 0.460+0.015 0.433+0.006 0.500+0.006 
8.75 Toya -- 0.590+0.006 
10.00 0.630+0.023 0<.56320.012 0.690+0.010 
Ves aks ota 0.780+0.006 
12.50 0.810+0.017 0.713+0.012 0.880+0.010 
U3—75 == te 0.980+0.010 
E52 00 0.990+0.023 0785320005 12.07020.022 

17050 1.160+0.021 0.9904+0.017 ox 

20.00 1330205021 Lsl304£0.030 = 


Saverage of three determinations with standard deviation 


Dapsorbance measured at 258 nm. 


“absorbance measured at 380 nm. 
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@ SULFAMETHOXAZOLE 
R 0.9999 
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0.0682 X — 0.0389 
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0.9997 
0.0730 X — 0.0349 


0 5 10 15 20 
CONCENTRATION, mcg/ml 


Figure 16 - Linear Relationship between Absorbance 
and Concentration of Sulfisoxazole, Sulfamethoxazole, 
and Methisazone in Water 
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Figure 17 - Aqueous: Solubility of Sulfamethoxazole, 
Sulfisoxazole, and Methisazone as a Function of 
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Figure 18 - Aqueous Solubility of Sulfamethoxazole, 
Sulfisoxazole, and Methisazone as a Function of 
Urea Concentration at 37°C 
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Figure 19 - Aqueous Solubility of Sulfamethoxazole, 
Sulfisoxazole, and Methisazone as a Function of 
PVP Concentration at 25°C 
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Figure 20 - Aqueous Solubility of Sulfamethoxazole, 
Sulfisoxazole, and Methisazone as a Function of 
PVP Concentration at 379C 
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TABLE IX 


Thermodynamic Data* for the Interaction of Sulfamethoxazole, 
Sulfisoxazole, and Methisazone with Urea 


Slope? K AF° AHZ° hese 
a © 
Sulfamethoxazole 
25°c 10. Geecri ae Gouee +248 36.80 
fe ay 11214 
372c 42.0 x 10 Tu36h 18d, 26429 
Sulfisoxazole 
25°C 7; Gam ue 40. a8 50.34 
| yy 14799 
37°C 36.0 x 10 3266 1 =804 50.33 
Methisazone 
25°C PME rh ye eg =a 
fe) -5 ¥S 
Ey Ate 3.0 x 10 0.44 +509 aa 


faverage of three determinations 


Dslope of the linear plot determined by the method of least 
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TABLE X 


Thermodynamic Data* for the Interaction of Sulfamethoxazole, 
Sulfisoxazole, and Methisazone with PVP. 


Slope” K AF° AH,” aoe 
a 
Sulfamethoxazole 
25°C 16h 2 Doe 10° 48.706 263243 
a 69794 
7c 2 5 sealer 10, = 11546 26336 
Sulfisoxazole 
25°C 0.630 2909 -4754 126. 46 
4 : 32934 
37°C 0.990 24691 =6272 126.47 
Methisazone 
25° 0.116 2393 - 4638 29292 
1984 
S7°C 0.178 2722 -4904 29201 


Saverage of three determinations 


Dsiope of the linear plot determined by the method of least 
squares 
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C. DISSOLUTION RATE STUDIES 

All pellets used in the dissolution studies were com- 
pressed at a constant pressure and their hardness was 
measured. The physical characteristics were: determined 
and are listed in Table XI. Pellets prepared from binary 
systems containing urea were practically non-disintegrating, 
and, consequently, the dissolution characteristics of such 
systems were evaluated by the rotating-basket method. [In 
contrast, the pellets prepared from binary systems containing 
PVP were relatively fast-disintegrating. In order to be 
able to detect subtle differences in the dissolution char- 
acteristics of the fast-disintegrating pellets, the dis- 
integrating time was delayed by exposing only one surface 
of the pellet to the dissolution medium. This necessitated 
the use of the rotating-disc method. 

Results of the dissolution studies are summarized in 
Tables A-5 to A-22. Figure 21 illustrates the effects of 
methodology on the percent of methisazone dissolved from 
pellets containing PVP. The plots of percent dissolved 
versus time for methisazone, sulfisoxazole, and sulfamethoxa- 
zole are depicted in Figures 22-24. The slopes for both 
sulfamethoxazole and sulfisoxazole were calculated by the 
method of least squares. The rate constants were then 
determined from these slopes according to Eq. 10. A summary 
of the dissolution rate constants is given in Table XII. 


The percent undissolved-time plots of the drugs are pre- 
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METHISAZONE—PVP 
SOLID DISPERSION 

@ ROTATING—BASKET 
A ROTATING—DISC 


PHYSICAL MIXTURE 
@ ROTATING—BASKET 
O ROTATING—DISC 


Figure 21 - Dissolution Rates of Methisazone- 
Polyvinylpyrrolidone Binary Systems 
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PURE METHISAZONE METHISAZONE—UREA 
@ DISTILLED WATER @ SOLID DISPERSION 


0.01% TWEEN 80 IN O PHYSICAL MIXTURE 
A DISTILLED WATER 


0 24 | 48 - 72 96 120 146 
HOURS 
Figure 22 - Dissolution Rates of Pure Methisazone 


and Preparations containing Urea. Data Obtained 
by the Rotating-Basket Method. 
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Figure 23 - Dissolution Rates of Pure Sulfisoxazole and 
Preparations containing Urea or Polyvinylpyrrolidone 
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Figure 24 - Dissolution Rates of Pure Sulfamethoxazole and 
Preparations containing Urea or Polyvinylpyrrolidone 
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sented in Figures 25-27. In those instances where both 
the percent dissolved and percent undissolved-time plots 
were non-linear, the percent dissolved-time data ware 
plotted on a logarithmic-probability graph Boce so that 
percent dissolution times could be determined. Figures 
28-31 illustrate these log-normal probability plots. The 
percent dissolution times data obtained from these plots 
is tabulated in Table XIII. In order to test the diffusion- 
controlled model for the dissolution of methisazone, the 
amount dieaoived= eine data were plotted on a logarithmic 
graph paper. The plots of the logarithm of the amount 
dissolved versus the logarithm of time are shown in 


Figure 32. 


D. ANALYTICAL PROCEDURES FOR BIOLOGICAL FLUIDS 
Estimation of Methisazone Levels 
The reliable estimation of methisazone in whole blood, 
plasma, or urine depends upon the efficiency of solvent 
extraction. The relatively high solubility of methisazone 
in 1,4-dioxane warrants its use as a solvent for extraction. 
In the present study, 1,4-dioxane was selected as the sol- 
vent of choice because: (a) it does not absorb in either 
ultra-violet or visible region between 220 and 500 nm, 
(b) at.is.miseible with water in all proportions, (c): it 
causes precipitation of proteins by dehydration, and (d) 
it is often used as a standard solvent to solubilize bio- 


logical materials such as plasma, serum and urine. 
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METHISAZONE—PVP 


SOLID DISPERSION PHYSICAL MIXTURE 
@ROTATING—BASKET & ROTATING—BASKET 
A ROTATING—DISC O ROTATING—DISC 


PERCENT UNDISSOLVED 


Figure 25 ~ Semilogarithmic Plots of Percent Methisazone 
Undissolved from Methisazone-Polyvinylpyrrolidone 
Binary Systems 
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PERCENT UNDISSOLVED 


0 24 48 72 96 120 
HOURS 


Figure 26 - Semilogarithmic Plots of Percent Methisazone 
Undissolved for Pure Methisazone and Preparations 
containing Urea. Data Obtained by the Rotating-Basket 
Method. 
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Figure 27 - Semilogarithmic Plots of Percent Undissolved 
as a Function of Time for Sulfamethoxazole and 
Sulfisoxazole Physical Mixtures Containing PVP. 
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Figure 28 - Log-Normal Probability Plots of Dissolution 
Data from Methisazone-Polyvinylpyrrolidone Binary 
Systems 
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Figure 29 - Log-Normal Probability Plots of Pure 
Methisazone and its Preparations containing Urea. 
Data Obatined by the Rotating-Basket Method. 
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LOGARITHMIC SCALE 
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Figure 30 - Log-Normal Probability Plot of Sulfisoxazole- 
Polyvinylpyrrolidone Physical Mixture 
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Figure 31 - Log-Normal Probability Plot of 
Sulfamethoxazole-Polyvinylpyrrolidone 
Physical Mixture 


PROBABILITY SCALE 


104 


LHGBYBITTLA 2ONre 


ee 


ma | §) i , Sud PAR ian 
: ! q : 2) Sean ee AD 
si a 


tol® Ytilidadok’ Lemt6VHpdt 


to : 
snobiloxzyqlyntyyloi-sic 


é i oi se 
3 sas | 
2 - 7! 
| ea -* “eh ’ 
t a A ms ’ : 
e = t 
k; ’ 
. : aD ©. Oey 3 
f 
» yy es 
i a4 
: | 
: { 
i ig 
> ‘ 4 , 
Si 7 ~ 
P ES 
4 j 
= = ie 


105 


08 USEML $TO°O HbutTttejzuoo zejEm Peltt+>Tde 
sjueuberzy OUT peqerhejutTstp S2eLred. 
pouzon texseq-buTIeI0Y_, 
pouzew OS TO ee 4k rg 
[WO 0OOR S ounTOA 


€ 
SS ee a 
30S 1 
p0s’s SANAXTW Teotsdud *dAd SUOZESTYIOW 
aa 0 
gil “Z uotszedstq pttos *dAd SuOZeSTYIOW 
700°9> eAnzxXTW Teotsfkud eomn SUOZESTYIOW 
00°2s uOTSiedst@ prilos eemn SUOZESTUIOW 
500° 9€ 
00°OZT Bnad eang -- SUOZeESTUIOW 
00°T SINnzXTW TeotsAyg “dvd STOZeXOSTJ TNS 
00°z uotszedstq pttos “ana STOZexOST3J Ins 
SCE SIn3zxXTW TeoTtsAud *dAd eTOzexoyujzsewez[ns 
00°Z uotsiedstq ptrtos saNd eTOzexoyujouez [ns 
Tc enc re cen -"Venamemermrenne nero omens ase: cece cee ee a 
Ty Cr vs 0S, wo3shs TetTrATeD 6naqd 


SINOH UT SUT, uoT4InTOSstTg 


Deke Fe _TOIPM PSTTTISTA UT sulezsks bnaqd TOF soUTL UOTINTOSSTq jUecTeg SUQ puUe “OM, ’anoq? ae rite) 


IIIxX w#idvas 


"-hokasegeid Bits 
srudximM Isskeydd * peer 


‘nolareqaid bilo2 : Wa 


srvsximM Isoteyvdd IVS. 


\ y ia Y 
i ‘ =A 5 { 


E: 


bordoM peid~pnédetor 


‘bond oM sodesdépn ite soa 


possxpesnbeib edoiiet 


08 nesw? $10.0 painisdnoe 19t6Y bellisesd® | 


i i. 
.) bth 7 
° oes 
oy ‘A 
ee i ‘a 
H 7 " 
® 
; ng 0 
t 7 an 


| 


mo -Q00L = ee 
na 


2 a 


AMOUNT DISSOLVED, mg 


106 


10.0 
SLOPE = 0.5815 
SLOPE = 0.5773 
1.0 
SLOPE = 0.5851 
METHISAZONE—UREA 
@ SOLID DISPERSION 
PURE METHISAZONE 
@ DISTILLED WATER 
A 0.01% TWEEN 80 IN 
DISTILLED WATER 
0.1 
4 10 100 200 400 
HOURS 
Figure 32 - Relationship Between Logarithm of Methisazone 


Dissolved and Logarithm of Time. Data Obtained by the 
Rotating-Basket Method. 
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It has been reported (97) that, as a result of intra- 
molecular hydrogen bonding, methisazone exerts its antiviral 
activity in the form of a resonance-stabilized, hydrogen- 
bonded structure. The chemical structure of methisazone is 
shown in Figure 33. As shown in Table XIV spectrophotometric 
investigation on absorption characteristics of methisazone 
in chloroform, toluene, and 1,4-dioxane solvents revealed 


that maximum molar absorptivity values, ¢e for methisazone 


max’ 


in 1 N NaOH-dioxane (50:50) solvent system and in chloro- 
form are comparable. 


TABLE XIV 


Molar Absorptivity of Methisazone at Maximum Absorption 
in Different Solvents 


Solvent i last nas 
Chloroform 370 nm 22960 
Toluene ' 370 nm 17689 
Dioxane 360 nm 17689 
1 N NaOH-dioxane (50:50) 420 nm 20384 


It was found that a solution of methisazone in 1,4- 
dioxane developed a maximum color intensity immediately 
when mixed with 1 N NaOH solution in equal proportions. 
The color showed an absorption maximum at 420 nm and was 
found to be stable for at least five minutes. Methisa- 
zone in 1 N NaOH-dioxane (50:50) solvent system obeyed 
Beer's law over the concentration range 0.5 - 12 mcg/ml. 
Spectral scans of absorbance for methisazone are de- 
picted in Figure 34. The reproducibility and recovery 
data of known amounts of methisazone added to blank 


whole blood, plasma, and urine are summarized in Table XV. 
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Figure 33 - Chemical Structures of Methisazone, 
Sulfamethoxazole, and Sulfisoxazole 
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SOLVENTS 
: DIOXANE 


0.4 : DIOXANE + 
0.2 N NaOH (50 :50) 


: DIOXANE + 1 N NaOH 
(50 : 50) 


0.3 


0.2 


ABSORBANCE 


0.1 


0 ; 
230 290 350 410 470 530 590 650 
WAVELENGTH, nm 


Figure 34 - Spectral Absorbance Curves for Methisazone 
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Recoveries of Known Amounts of Methisazone Added to 
Blank Whole Blood, Plasma, and Urine 


Added, 
mcg/ml 


a 
Average 


Daverage 


Blood? 


61.4529 46 
69.00+1.20 
7A VAe ote 
73.94#2.17 
16.3011 243 


78.40+1.00 


Recovered, 


Plasma® 


70.30+8.10 
73.9544.95 
78.1246. 33 
77.5044.14 
78.7843.13 


79.6622..25 


% 


Urine? 


88.2442.95 
95. 9222.00 
96.0021 .20 
97.0021.50 
97.60+1.20 


98.00+0.60 


of seven replicates with standard deviation 


of three replicates with standard deviation 


re ete 


02.1200.T2 
OS £203.te 


039.0299 .82 


LL 


The low values of standard deviation indicate that 
reproducibility of the extraction process is reliable. 
The data for the standard curve of methisazone in 1,4- 
dioxane are presented in Table XVI. The calibration 
curves for spiked whole blood, plasma, and urine samples 
were constructed. Figure 35 shows the calibration curves 
for methisazone and linear regression equations with cor- 
relation coefficients. In all instances, the calibration 
curves showed good linearity. however they did not pass 
through the origin. This indicates that error due to loss 
of added methisazone is fairly constant. Apart from minor 
differences in slope, the calibration curves of methisazone 
in whole blood and plasma were quite similar. 

Determination of N'-substituted Sulfonamides in Whole 

Blood 

The Bratton-Marshall colorimetric method was employed 
for the determination of sulfisoxazole and sulfamethoxazole 
in whole blood. The data for the calibration curves of 
sulfisoxazole and sulfamethoxazole are presented in Tables 
XVII and XVIII. When the absorbance was plotted as a func- 
tion of concentration, a straight-line relationship was 
obtained, indicating adherence to Beer's law. Typical Beer's 
law plots of both sulfisoxazole and sulfamethoxazole are 
depicted in Figure 36. The reproducibility and recovery 


data of sulfonamides added to whole blood are presented in Tables 
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Data for the Calibration Curve of Methisazone in 1,4-Dioxane 


Concentration, Absorbance* 
mcg/ml 

0.50 0.040+0.004 

1.00 0.083+0.002 

2.00 0.16320. 017 

4.00 0.333+04,018 

6.00 0.50320.019 

8.00 .0.666+0.020 
10.00 0.835+0.019 
12.00 1.006+0.025 


Transmittance, 


S 


Bi. 199 
82.604 
68. 705 
46.451 
31.405 
23.5 77 
14.622 


10.000 


100 -~ %T 


8.801 
5590 
CORE Ss) 
53.549 
685595 
78.423 
85.378 


90.000 


Saverage of six determinations with standard deviation. 
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1, 4—DIOXANE 
@R 1.0000 


Y 0.0841 X 


A RAT URINE 
R = 1.0000 


= 0.0832 X 


O RAT PLASMA 
= 0.9998 


0.0676 X — 0.0180 


@ RAT WHOLE BLOOD 
= 0.9994 


= 0.0686 X — 0.0433 


0 2 wie: BG) 1s a 
METHISAZONE, mcg/ml 


Figure 35 - Calibration Curves for Methisazone in 
Biological Fluids 


TABLE XVII 


Data for the Calibration Curve of Sulfisoxazole 


Concentration, Absorbance® Transmittance, 100 - % 7? 
mcg/ml g 
O25 0.046+0.004 S9.952 10.048 
0.50 0.099+0.009 79.618 20. 382 
O.75 0.135+0.006 733 282 266 728 
1.00 0:3/159202005 69.343 SOR6 57 
1. 50 05219205007 60.394 39.606 
2.00 0.278+0.008 526 23 47.277 
2.50 0.324+0.004 47.425 524.505 
3. OD 0% 395202005 40.272 59.728 
4.00 0.500+0.009 31% 623 685377 
5.00 0.630+0.006 23.442 76.558 
6.00 0.750+0.009 MGI 83 82.217 
7.00 0.870+0.006 13.490 86.510 
8.00 0.980+0.008 10.471 SOR o29 
9.00 1.100+0.018 8.000 92.000 
10.00 1L.L90£0 2016 6.000 94.000 


faverage of six determinations with standard deviation. 
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Data for the Calibration Curve of Sulfamethoxazole 


mcg/ml 


a 
Absorbance 


0.042+0.003 


0.090+0.005 
0 135202005 
0. L7820..003 


0.2/72205,005 


. 0.36340. 006 


0.458+0.003 
0.530205,009 
0:.73020.007 


0.920+0.005 


1.08020.012 


1.260+0.014 


Transmittance, 


% 


90°; 785 
81.281 
13% 282 
OGD 
53.456 
230352 
34.833 
29 2 51k2 
18.621 
12.023 

8.250 


5.500 


10 Ome Ghed 


2 
h8.+7 19 
26:3; 7 8 
33.6: 5 
46.544 
56.548 
65.167 
70.488 
Sl. 379 
Ode Qi? 
oie Lh 


94.500 


“average of six determinations with standard deviation 
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BRATTON—MARSHALL METHOD 


@ SULFAMETHOXAZOLE 
0.9999 
0.1837 X — 0.0030 


O SULFISOXAZOLE 
R = 0.9952 
Y = 0.1194 X + 0.0358 


2 4 6 8 10 
CONCENTRATION, mcg/ml 


Figure 36 - Beer's Plots for Sulfamethoxazole 
and Sulfisoxazole 
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XIX and XX. The results of the standard addition-recovery 
studies indicated that there is essentially no loss of 
sulfonamides at the extraction step. 

Accuracy and Precision of the Measurements 

It is well known that the sensitivity range for spectro- 
photometric measurements is usually between 20-80% trans- 
mittance, and that the error of the measurement is minimized 
at about 37% transmittance. According to the Ringbom (103) 
derivation based on Beer's law, a plot of the % transmittance 
versus the logarithm of the concentration should result in 
a Sigmoid curve. If the system obeys Beer's law, the in- 
flection point should occur at about 37% transmittance. 

This implies that, for best accuracy, the slope of the curve 
should be a maximum. From this plot, concentration range 
for the accuracy of measurement can be determined. 

Ringbom's plots for sulfamethoxazole, sulfisoxazole, 
and methisazone are depicted in Figure 37. These plots 
indicate that the concentration limits for the accurate 
measurement of these drugs are 2 and 8 mcg/ml. 

The precision of the measurement for methisazone, 
sulfisoxazole, and methisazone was determined. The pre- 
cision data for the analysis of these drugs in whole blood 
are presented in Table XXI. The coefficients of variation 
for the (three drugs) rangedsfrom 2.95 to 5.5%), indicating that 
the error due to variation in analysis would not influence 


the determination of drug levels in blood. 
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TABLE XIX 


Recoveries of Known Amounts of Sulfisoxazole 
Added to Blank Whole Blood 


Added, Recovered,° 
mcg/ml % 
OR 25 9255027. 20 
0.50 91..30291.°70 
1.00 GeO. LO 
1,50 94.00+4.50 
2.00 90.5025:50 
12650 102.9021. 40 


“average of seven replicate runs with standard deviation 
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TABLE XX 


Recoveries of Known Amounts of Sulfamethoxazole 
Added to Blank Whole Blood 


Added, Recovered ,° 

mcg/ml % 
0.25 93.25+68 33 
0.50 9742 4323.21 
1.00 99.16+1.44 
1.50 e952 22).'L0 
2.00 7 916 8341.10 
2.50 108.00+1.00 


faverage of seven replicate runs with standard deviation 


TABLE XXI 


Precision Data for the Analysis of Methisazone, 
Sulfisoxazole, and Sulfamethoxazole in Whole Blood 


Added, Recovered,* cy, 

Drug mceg/ml mcg/ml % 
Methisazone 60.0 25.02) 4-03 Ze95 
Sulfisoxazole 500.0 462.0+25.60 5,50 
Sulfamethoxazole 1000.0 100 75,0235.50 3s ou 


“average of nine replicates with standard deviation 


Coefficient of Variation 
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Figure 37 - Ringbom's Plots for Sulfamethoxazole, 
Sulfisoxazole, and Methisazone 
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E. BIOAVAILABILITY STUDIES 

Blood level Studies 

The area under the blood concentration-time curve (AUC) 
can be used to assess relative absorption of orally administered 
drugs. On the basis of the AUC, it is possible to determine 
whether the absorption follows dose-dependent or dose-in- 
dependent kinetics. Therefore, a preliminary study was 
instituted to investigate the kinetics of drug absorption. 
In this study, 250-, 500-, and 1000-mg/kg doses of pure 
sulfisoxazole and sulfamethoxazole were orally administered 
to rats, and the blood levels were determined at various 
time intervals. The mean data are presented in Tables XXII 
and XXIII. The blood level-time profiles for sulfisoxazole 
and sulfamethoxazole at three dose levels are depicted in 
Figures 38 and 39. The areas under the blood level curve 
were measured by means of a planimeter. The plots of the 
AUC versus the dose, mg/kg, are depicted in Figure 40. The 
linearity of the plots is indicative of dose-independent 
kinetics for both sulfisoxazole and sulfamethoxazole over 
the dose range examined. The blood levels following single- 
dose oral administration of sulfisoxazole, sulfamethoxazole, 
and methisazone are illustrated in Tables A-23 to A-36. 

The use of compartmental models in the statistical 
analysis of pharmacokinetic parameters has been reviewed 
by many (104-109). The integrated equation for the one- 


compartment open model is expressed as: 
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Blood Level Data for Pure Sulfisoxazole following Oral 
Administration of Single Doses in Male Wistar Rats 


Hours | 


Rats weighed: 


Blood Concentration®, mcg/ml 


250-mg/kg 
Dose 


52.5632 6.00 
PL. 85 £9100 
176.874 6.90 


224. 89+18.34 


£70.87+.+ 3.46 


£16. 69718 330 
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Blood Level Data for Pure Sulfamethoxazole following Oral 
Administration of Single Doses in Male Wistar Rats 


Hours 


Rats weighed: 


evean values from three rats with standard 


Blood Concentration® 


250-mg/kg 
Dose 


Lap .e4231s75 
280.424+43.70 
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A597. 35£36.60 
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500-mg/kg 
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390418 g 


, mcg/ml 


1000-mg/kg 
Dose 
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407.41+ 64.20 
693.12+ 51300 
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SULFISOXAZOLE POWDER 
@ 1000 mg/kg 
BH 500 mg/kg 
& 250 mg/kg 


Figure 38 - Blood Concentration-Time Profiles for 
Sulfisoxazole following Single-Dose Oral 
Administration to Three Rats. 
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SULFAMETHOXAZOLE POWDER 
@ 1000 mg/kg 
@ 500 mg/kg 
& 250 mg/kg 
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Figure 39 - Blood Concentration-Time Profiles for 
Sulfamethoxazole following Single-Dose Oral 
Administration to Three Rats. 
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Figure 40 - Dependence of Area under the Curve on 
Dose Administered for Pure Sulfamethoxazole and 
Sulfisoxazole Powders 
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(Eq=7 3:4) 


In the present study, the blood level data for each drug 

were analyzed by the one-compartment open model. Typical 
semilogarithmic plots of the time course of drug concentra- 
tion in blood for sulfisoxazole and sulfamethoxazole are shown 
in Figures 41 and 42. Since the ascending portion of the 
curve is usually associated with the absorption as well 

as the elimination process, the absorption rate constants, 

Kye were calculated by graphical analysis using the feathering 


technigue. The elimination rate constants, K were calculated 


BE! 
from the slope of the descending portion of the curve. The 
calculations were based on the first-order kinetics. The 
value of the unknown constant, FD/V, was determined from 
the y intercept of éhe extrapolated line. The mean blood 
level data for sulfisoxazole, sulfamethoxazole, and methisa- 
zone preparations were plotted on rectilinear coordinates, 
as shown in Figures 43-49. The measured areas under the 
curves were then compared statistically. 

Analog Computer Fitting 

As can be seen from Figure 49, methisazone levels in 
the blood beyond an 8 hr. period could not be detected. This 
was attributed to the sensitivity limits of the method used. 
Based on these observations, it was anticipated that the 
lack of sensitivity of the method would result in the over- 
estimation of the rer rate constant. Therefore, it 


became necessary to fit the blood level curves by analog 
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PURE SULFISOXAZOLE POWDER 
@ EXPERIMENTAL POINTS 
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Figure 41 - Semilogarithmic Plot of Blood Levels 
follwoing Single-Dose Oral Administration of 


Sulfisoxazole to Three Rats. 
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PURE SULFAMETHOXAZOLE POWDER 
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Figure 42 - Semilogarithmic Plot of Blood Levels 
following Single-Dose Oral Administration of 
Sulfamethoxazole to Three Rats 
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A PURE SULFISOXAZOLE POWDER 
@ SULFISOXAZOLE—UREA SOLID 
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Figure 43 - Sulfisoxazole Blood Level Curves in Three 
Rats following Single-Dose Oral Administration of Pure 
Sulfisoxazole and Preparations containing Urea. Dose 
used was Equivalent to 500 mg/kg of Sulfisoxazole. 
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Figure 44 - Sulfisoxazole Blood Level Curves in Three 
Rats following Single-Dose Oral Administration of 
Sulfisoxazole-Urea Solid Dispersions. 
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PURE SULFISOXAZOLE POWDER 
400 500 mg/kg SULFISOXAZOLE 
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EQUIVALENT 
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MEAN BLOOD CONCENTRATION, mcg/ml 


Figure 45 - Sulfisoxazole Blood Level Curves in Three 
Rats following Single-Dose Oral Administration of Pure 
Sulfisoxazole and Preparations containing PVP. 
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Figure 46 - Sulfamethoxazole Blood Level Curves in Three 
Rats following Single-Dose Oral Administration of Pure 
Sulfamethoxazole and Preparations containing Urea. Dose 
used was Equivalent to 500 mg/kg of Sulfamethoxazole. 
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Figure 47 - Sulfamethoxazole Blood Level Curves in 
Three Rats following Single-Dose Oral Administration 
of Sulfamethoxazole-Urea Solid Dispersions. 
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Figure 48 - Sulfamethoxazole Blood Level Curves in 
Three Rats following Single-Dose Oral Administration 
of Pure Sulfamethoxazole and Preparations containing 
PVP. Dose used was Equivalent to 500 mg/kg of 
Sulfamethoxazole. 
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Figure 49 - Methisazone Blood Level Curves in Three 
Rats following Single-Dose Oral Administration of Pure 
Methisazone and Preparations containing Urea or 
Polyvinylpyrrolidone. Dose used was Equivalent to 


500 mg/kg of Methisazone. 
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simulation techniques so that true estimates of the rate 
constants could be obtained. For this purpose, a TR-20 analog 
computer’ was programmed with the one-compartment open model 


(Scheme I): 
my 3 
G —_——~ 3B — cE 
Scheme I 


where G is the quantity of drug remaining in the gut and 
E is the quantity of drug eliminated. The differential 


equations describing the model are: 


gach KG (hae 35e9 
dt 

ek, G - K, B (Eq. 35.2) 
dt 

ce =k, B (Eq. 35.3) 
dt ? 


The analog computer program for the model based on equations 
3521,7135.2, 35.3, and 15 is "shown in’ Figure’ 50. Pigure’ 51 
shows the results of a typical analog simulation of blood 
data in accordance with a one-compartment open model. It 
can be seen from the analog simulation that the computer- 
generated curve fits the experimental data reasonably well. 


However, in order to test the agreement between the experi- 
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Figure 50 - Analog Computer Program for a One-Compartment 
Open Model 
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ANALOG PREDICTION 
OF : 


AMOUNT ABSORBED 


METHISAZONE-—PVP SOLID 
DISPERSION 
@ EXPERIMENTAL POINTS 
0.550 hr’! 
0.330 hr’! 


= 1.660 


2.100 hr. 
= 50.00 mcg/ml 


ANALOG 
SIMULATION 
OF 
‘BLOOD LEVELS 


MEAN BLOOD CONCN. OF METHISAZONE, mcg/ml 


Figure 51 - Analog Computer Fitting of Blood Data in 
accordance with a One-Compartment Open Model 
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mental data and the rate constants estimated by the analog 
computer, urinary excretion studies under uncontrolled 
urinary pH conditions were conducted. 

Urinary excretion studies can be used to evaluate the 
bioavailability of drugs (110). Assuming that excretion 
rate parallels blood levels of a drug, both the maximum 
urinary excretion rate and the time of the maximum urinary 
excretion rate will reflect the rate of absorption, and 
the cumulative amount excreted will reflect the extent of 
drug absorption. Recently, Khalafallah et al. (111) have 
demonstrated the use of urinary excretion data as an altern- 
ative to the use of blood level data in the evaluation of 
bioavailability of ‘sulfameter. 

In the present study, the cumulative excretion of 
methisazone in urine was calculated as mg/kg and the excre- 
tion rate as mg/kg/hr. The mean urinary excretion data for 
methisazone and its preparations following single-dose oral 
administration in rats are shown in Tables A-37 to A-4l. 
The plots showing the cuneate este amounts of methisazone 
excreted,in the urine asa function of time aréemriilus-= 
trated in Figure 52. The semilogarithmic plots of the 
urinary excretion rate as a function of time are depicted 
in Figures 53 and 54. The elimination rate constant, K,, 


was calculated from the slope of the descending segment of 
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PURE METHISAZONE 
A POWDER 


METHISAZONE—PVP 
O SOLID DISPERSION 
@ PHYSICAL MIXTURE 
METHISAZONE—UREA 
O SOLID DISPERSION | 
@ PHYSICAL MIXTURE J 
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Figure 52 - Cumulative Amounts of Methisazone Excreted in 
Urine following Single-Dose Oral Administration to Three 
Rats. Dose used was Equivalent to 500 mg/kg of Methisazone. 
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Figure 53 - Semilogarithmic Plots of Urinary Excretion 
Rate as a function of Time following Single-Dose Oral 
Administration to Three Rats. Dose used was Equivalent 


to 500 mg/kg of Methisazone. 
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Figure 54 - Semilogarithmic Plots of Urinary Excretion 
Rate as a function of Time following Single-Dose Oral 


Administration to Three Rats. 
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the semilogarithmic plots. The terminal ends of the des- 
cending curves were fitted by least squares regression 
analysis using the PDP-8/L minicomputer. In-as-much as 

the urinary excretion studies were conducted under un- 
controlled pH conditions, the fluctuations in the excretion 


rate could be attributed to changes in urinary pH. 
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DISCUSSION 


Preliminary investigation conducted with 15-mg samples 
of evaporated binary mixtures revealed that sulfisoxazole- 
urea solid dispersions with compositions ranging from 30 
to 80% of sulfisoxazole produced DTA thermograms which were 
difficult to interpret and correlate with phase diagrams. 
This anomalous behavior was partly attributed to concomitant 
thermal decomposition of sulfisoxazole on fusion. For this 
reason, additional thermal studies, using the capillary 
melting point method, were conducted to investigate the 
nature of phase diagrams. An examination of the phase 
diagram (Fig. 4) indicates that the sulfisoxazole-urea 
solid dispersion typifies a eutectic system with incongruent 
complex having a composition of 70% sulfisoxazole - 30% 
urea. Based on these visual thermal analysis findings, at- 
tempts were made to reproduce the phase diagram, showing 
the existence of complex formation with incongruent melting 
points, through differential thermal analysis, but without 
much success. However, by careful control of operational 
variables and by selecting a sample size of 8-mg, DTA thermo- 
grams could be obtained which were amenable to interpretation 
insofar as detection of incongruent melting points was 
concerned. 

As is seen in Figure 6, the solid dispersion containing 


20% sulfisoxazole and 80% urea yielded only one endotherm 
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as a major peak near 130°C, demonstrating the fact that the 
melting point of 100% urea, in presence of sulfisoxazole, 
is lowered by 4°c. In contrast with Figure 6, it can be 
seen from Figure 7, that the DTA thermograms of solid disper- 
sions containing 2, 5, and 20% urea show first the appearance 
of extra endothermic peaks due to incongruent complex forma- 
tion, and then the major endothermic peaks corresponding to 
fusion of sulfisoxazole in excess of the complex. A marked 
shift in peak temperatures of successive major endotherms 
towards lower peak temperature of the complex endotherm 
clearly indicates that presence of urea in the binary mix- 
ture lowers the melting point of sulfisoxazole as a result 
of the complex formation. On close inspection of the DTA 
thermograms, as shown in Figure 7, it becomes clear that 
with increasing amounts of urea in sulfisoxazole-urea binary 
mixtures, the complex endotherm becomes larger and better 
defined, and consequently the area under its peak grows at 
the expense of area under the 100% sulfisoxazole endotherm, 
indicating transition of energy accompanying complex forma- 
tion. Finally, the energy transition associated with complex 
formation reaches a maximum at the composition of 70% sul- 
fisoxazole and 30% urea. This estimate of complex composi- 
tion available from DTA is consistent with that obtained 
from the phase diagram. 

It is evident from DTA thermograms for 40 and 60% urea 


in the sulfisoxazole-urea binary mixture, as depicted in 
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Figures 6 and 7, that fusion peaks contributed by peritectic 
and eutectic reactions occur within such a narrow tempera- 
ture range that it becomes difficult to differentiate between 
closely occuring thermal events. Because of ¢tpéeimpds fedon 
of two adjacent peaks, the heat effects due to peritectic re- 
action are simply overshadowed by the eutectic endotherm. 
The overlapping of thermal effects is characterized by the 
indentation of DTA peaks. An examination of the phase diagram 
in Figure 4 reveals the existence of complex formation on the 
basis of incongruent melting points observed in evaporated 
mixtures, despite the fact that the jump in the solidus 
is rather small. 

The phase diagram, as shown in Figure 5, indicates 
that sulfamethoxazole-urea binary mixture can be classified 
as a eutectic system with partial solid solution. The 
eutectic isotherm in Figure 5 occurs near 128°e3 and ex- 
tends from 10 to 95% sulfamethoxazole. The DTA thermograms 
of sulfamethoxazole-urea binary system (Figs. 8 and 9) reflect 
the tendency of the major endothermic peaks to shift towards 
a lower temperature of about 118°c where the formation of 
the eutectic endotherm is self-evident. As can be seen from 
Figures 5 and 9, the eutectic composition of the binary 
system corresponds to 60% sulfamethoxazole - 40% urea. The 
DTA thermograms of 5% sulfamethoxazole - 95% urea (Fig. 8) 
and 95% sulfamethoxazole - 5% urea (Fig. 9) binary systems 
indicate that the mutual solid solubility of sulfamethoxa- 


sole and urea is less than 5% and hence considered negligible. 
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The phase diagram of methisazone-urea binary system 
(Fig. 10) consists of two distinct isotherms, the eutectic 
and the peritectic. The eutectic and peritectic temperatures 
are 128°C and 1e7_C; respectively. It can be inferred from 
the Se diagram that a complex with a composition of 50% 
methisazone - 50% urea is formed between the components. 

The DTA thermograms of 40% methisazone - 60% urea (Fig. 11) 
and 49% methisazone - 51% urea (Fig. 12) binary systems 
exhibit three endothermic peaks as opposed to two endothermic 
peaks, indicating the existence of the peritectic reaction. 

The DTA thermograms of binary mixtures, as depicted in 
Figures 13-15, indicate that systems containing PVP exhibit 
only major endotherms as fusion peaks of those drug components 
which are in excess: of the complex composition. Since PVP, 
like glass, has no sharp or specific melting point, the 
endothermic peaks corresponding to the fusion of PVP are 
absent from the DTA thermograms. It is interesting to 
note that the major endotherms tend to shift towards lower 
temperatures as the concentration of PVP in the binary systems 
increases until it reaches a critical concentration beyond 
which the endotherms just disappear. The binary mixtures 
containing PVP in amounts greater than its critical concen- 
tration do not exhibit any characteristic melting points. 

On heating, they gradually soften before turning to liquid 
state. Since PVP can exist in a vitreous state (15), the 
solubilization of sulfisoxazole, sulfamethoxazole, and 


methisazone by PVP would result in the formation of glass 
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solutions. The characteristic quenching of the endothermic 
peaks explicitly reveals the existence of glass solution 
formation. 

In the development of a solid dosage form, the proper 
use of a metastable polymorph should result in a more 
rapid and complete absorption of the drug. However, the 
polymorphic change of the drug from metastable to stable 
form can cause problems in the areas of aqueous solubility, 
dissolution rate, and bioavailability of the drug. For 
this reason, in the preparation of all solid dispersions, 
the stable polymorphic forms of the drugs were used through- 
out the present study. An examination of the DTA thermograms 
revealed no evidence of polymorphism in the sulfisoxazole, 
sulfamethoxazole, and methisazone used. The heats of fusion 
of these drugs, and of urea were determined by DTA calorimetry. 
The data obtained from the DTA thermograms are summarized 
in Table XXIV. It can be seen from the table that the heat 
of fusion of sulfamethoxazole determined in this study does 
not agree with published values. Sunwoo and Eisen (101) 
reported the presence of a ee eee cnaa teenie peak at 166.3°C 
whereas Yang and Guillory (38) have reported the presence 
of the major endothermic peak at 170°C in addition to an 
De: Den peak at 166°C. On the basis of informa- 
tion available there appears to be no satisfactory evidence 


to account for this lack of agreement. 
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The effects of urea and polyvinylpyrrolidone on the 
solubility of sulfisoxazole, sulfamethoxazole, and methisa- 
zone in distilled water are depicted in Figures 17-20. 

The results of these studies indicate the linear dependency 
of both sulfisoxazole and sulfamethoxazole solubility on 

the concentration of urea and polyvinylpyrrolidone. Similarly, 
the solubility of methisazone was found to increase linearly 
with the concentration of polyvinylpyrrolidone. On the 
other hand, urea seemed to have no effect on the conan 1 
of methisazone. This solubilizing action of both the urea 
and polyvinylpyrrolidone may be attributed to the formation 
of soluble complexes. Because of the high solubility of 
these reaction products, the plateau formation due to 
saturation is not seen. The linear increase in aqueous 
solubility of the drugs as a function of urea or polyvinyl- 
pyrrolidone concentration suggests that the complexes 

formed have one mole of either urea or polyvinylpyrrolidone. 
The data presented in Tables IX and X indicate that the 
slopes of the linear plots are less than 1 for all except 
the sulfamethoxazole-polyvinylpyrrolidone system. The 
slopes for the sulfamethoxazole-polyvinylpyrrolidone system 
at ‘25 and 37°C are 1.65 and 2.54, respectively.” “As 
suggested by Connors and Mollica (102), these slopes would 
imply that stoichiometry of the systems having slopes less 


than 1 is probably one-to-one. The same reasoning would 
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suggest that the stoichiometric ratios for the sulfamethoxa- 
zole-polyvinylpyrrolidone system at 25 and 37°C are two-to- 
one and three-to-one, respectively. The interactions which 
have an association equilibrium constant, K,, greater than 

1 proceed spontaneously and those with less than 1 require 
energy for initiation of the reaction. Further, the negative 
sign of the free energy change, AF°, signifies that the for- 
mation of the complexes is spontaneous and the positive sign 
Signifies that the complex formation is non-spontaneous. 
Similarly, the positive sign of the heat of formation, AH,°, 
indicates that formation of the complexes is endothermic in 
nature, The positive entropy changes indicate that the water 
molecules have acquired a random configuration as a result 

of complexation. Hence, the formation of complexes is 
accompanied by ai increase in entropy. As can be seen from 
Tables IX and X, the entropy changes correlate well with 


the corresponding heats of formation. 


The complex formation may be attributed to hydrogen 
bonding. Since the hydrogen bonds are considered to be 
weak chemical bonds due to dipole-dipole interaction, the 
hydrogen-bonded complexes will exhibit reversibility of the 
association under normal conditions. Higuchi et al. (112) 
ave discussed the importance of hydrogen-bonding inter- 
actions in the formation of various complexes. The mech- 
anism of hydrogen bond formation may be better explained on 
the basis of the electron theory of dative-covalent linkages. 


Both urea and polyvinylpyrrolidone have an electron-donating 
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carbonyl group. This electron-rich carbonyl group will 

attract electrophilic groups. The imide groups of sulfisoxa- 
zole, sulfamethoxazole, and methisazone will accept electrons 
donated by the carbonyl groups of urea and polyvinylpyrrolidone 
molecules. Deluca etial. (113) have-reported that the 
solubility of glutethimide, a Epa nay, soluble drug, can 

be increased by solubilizing it with substituted amides 

which have two independent electron-donating groups. 

Having obtained data on the thermodynamics of complex 
formation from the equilibrium solubility studies, kinetic 
studies were conducted to investigate the dissolution charac- 
terretics of the interacting systems. | Higuchi-et al. (114) 
have demonstrated the dependence of dissolution kinetics on 
both the diffusion coefficient of the complexing component 
in the solvent and the association equilibrium constant of 
the complex. Drug complexes are usually included in dosage 
forms to enhance the solubility and subsequently the disso- 
lution characteristics of the drugs. The complexes that 
dissolve slowly in water will have dissolution rates less 
than those of the pure drugs.: Higuchi and Pitman (115) 
synthesized 1:1 and 1:2 complexes of caffeine with gentisic 
acid, and compared their dissolution rates with that of 
caffeine. They found that caffeine from the complexes dis- 
solved more slowly than caffeine itself. 

The data for the calibration of sulfisoxazole, sulfameth- 
oxazole, and meth saconarern distilled water are presented 


in Table VIII. A linear relationship between absorbance 
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and drug concentration was found to exist in each case, 
indicating compliance with Beer's law. Typical Beer's law 
plots for these drugs are depicted in Figure 16. These 
standard curves were used in the analysis of samples obtained 
from dissolution studies. | 

During the preliminary dissolution studies conducted 
by the rotating-basket method, it was found that, since 
binary systems containing PVP released drugs faster than 
those containing urea, the surface area of the faster dis- 
integrating pellets could not be controlled during the 
dissolution process. Since the purpose of the dissolution 
studies was to determine the intrinsic dissolution rate 
constant, it became necessary to use the rotating-disc 
method which allows only one surface of the pellet to be 
exposed to the dissolution medium. A study concerned with 
the comparative evaluation of the rotating-basket and rotating- 
disc methods was, therefore, undertaken. The results of 
this study are shown in Figure 21 which illustrates the 
usefulness of the rotating-disc method in controlling the 
dissolution of methisazone from fast-disintegrating pellets. 
The suitability of the nembedauas checked by running disso- 
lution tests on both the physical mixture and the solid 
dispersion samples. It can be seen that the rotating- 
ne method is applicable to the physical mixture as well 
as the solid dispersion samples. Based on this criterion, 
the subsequent pellets containing urea and polyvinylpyrrolidone 
were evaluated by the nobAGingcbasker and rotating-disc 


methods, respectively. 
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As seen in Figure 22, the addition of 0.01% iieen 80 
to the dissolution medium increased the dissolution rate 
of pure methisazone powder. This observation suggests that 
methisazone is hydrophobic in nature, and that the disso- 
lution rate depends on the ability of the dissolution medium 
to wet the surface of the drug. Figures 25 and 26 show 
that the semilogarithmic plots are non-linear, indicating 
the absence of first-order kinetics. In order to test whether 
these data fit the diffusion-controlled model, the plots 


‘of the logarithm of the amount dissolved versus the logarithm 


of time were dons euieees and the slopes determined. It can 
be seen from Figure 32 that the slopes of the linear curves 
are very close to 0.5, indicating that the dissolution of 
peeuasesone is a diffusion-controlled process. 

In order to determine whether there were significant 
differences in the dissolution rate constants of sulfisoxazole 
and sulfamethoxazole preparations containing urea, a t-test 
was performed on each possible canbination of pairs. It 
was found that the difference between any pair was statisti- 
cally significant at the 5% level. From an examination of 
Figures 23 and 24 it becomes peaceene that the dissolution 
profiles of both sulfisoxazole and sulfamethoxazole for phy- 
sical mixtures are better than those for the solid disper- 
sions. This unusual effect could possibly be due to com- 
plex formation between the components during the dissolution 
process...Since the percent dissolved-time plots for the 
physical mixtures of sulfisoxazole and sulfamethoxazole 


containing PVP, as represented in upper halves of Figures 23 
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and 24, were non-linear, the percent undissolved-time data 
were plotted in Figure 27 to see if the dissolution rates 
obeyed first-order kinetics. These plots indicate that there 
are two first-order components to each dissolution profile. 
To test whether the dissolution data are eittaa by the 
logarithmic normal distribution functions, the logarithmic 
normal probability plots were constructed. The data plotted 


on a logarithmic-probability graph paper are shown in Figures 


30 and 31. The deviation from linearity of these plots 
Suggest that the data do not adhere to the logarithmic- 
normal distribution functions. Based on these observations, 
it may be concluded that the mechanism of dissolution of 
sulfisoxazole and sulfamethoxazole from physical mixtures 
containing PVP is rather complex. It would appear that 
further studies would be necessary in order to elucidate 

the mechanism in full. 

In the case of methisazone preparations, probability 
plots, as shown in Figures 28 and 29, yielded a straight- 
line relationship, indicating that the dissolution data can 
be described by logarithmic normal distribution functions. 
From these linear plots, percent dissolution times were 
determined for statistical evaluation. A summary of results 
presented in Table XIII indicates that the differences in 
the percent dissolution times are significant at the 5% 
bevel: 

Since sulfisoxazole and sulfamethoxazole exhibit dose- 
independent kinetics as indicated in Figure 40, the bio- 


availability of these drugs can be estimated by comparing 
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areas under the blood concentration-time curves. Similarly 
dose-independent kinetics for methisazone has been reported 
in rats on the basis of urinary excretion data (39). There- 
fore, the estimation of bioavailability of methisazone can 
be based on the comparison of cumulative amounts excreted 

in urine. A summary of some pharmacokinetic parameters ob- 
tained by graphical analysis according to the feathering 
method is presented in Table XXV. It is evident that the 
extent of absorption, as reflected by AUC, increases with 
dose whereas the oli ninecer half-life does not. This lends 
support to the hypothesis that both absorption and elimination 


follow first-order (dose-independent) kinetics. 


in order to determine significant differences between 
treatments, the areas under the blood concentration-time 
curve and cumulative amounts excreted in urine were subjected 
to a one-way analysis of variance, using a completely random 
design. When the F values for the treatments were signifi- 
cant, the least significant difference test was applied to 
determine the source of the difference. The least significant 
difference (116) is basically a Student's t test, which 
uses a pooled error variance in the calculation of the 
standard error of the mean difference. The results of the 
statistical analyses for sulfisoxazole, sulfamethoxazole, and 
methisazone are presented in Tables XXVI-XXXIII. It is 
apparent from Figures 43 and 44 that urea significantly 
reduced the extent of absorption of sulfisoxazole from the 


solid dispersion. Urea also modified the absorption profiles 
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TABLE XXV 


Summary of Pharmacokinetic Parameters of ni-substituted 
Sulfonamides according to One Compartment Open Model 
following Oral Administration of Single Doses in Male 


Wistar Rats 


a 
Parameters 


Sulfisoxazole 


Ti /2 (hr) 


F.D/V (mcg/m1l) 


auc? (mcg. hr/m1) 


Sulfamethoxazole 


Ti 2 (ix) 
F.D/V (mcg/ml) 


auc’ (mcg.hr/ml) 


250 mg/kg 


L200 
0.340 
2.000 
366.000 


906.200 


0.894 
0.117 
55900 
651.800 


5125-000 


Dose Levels 
500 mg/kg 


LOO 
0.400 
i 700 
630.900 


1656.200 


0-.-5-79 
OwbiS 
6.000 


1162.000 


10000.000 


0. 69.3 
0.340 
2.000 
1299.000 


3562.500 


0.343 
0.120 
5.600 


2535600 


20500.000 
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1000 mg/kg 


a 
Mean values from three rats 
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TABLE XXVI 


Areas under the Blood Concentration-Time Curve (AUC) and 
Their Statistical Analysis following Single-Dose Oral 
Administration of pure Sulfisoxazole and its Preparations 
containing Urea ; 


Preparations Aa eer meg. HE mire 
A. Pure Powder 1656. 202£189..9 
B. Physical Mixture LoCL.O7E1356. 5 
C. Solid Dispersion 1420.334120.8 


Analysis of Variance 


Source of Variation DF SS MS F Pp 


Between Preparations 2 113908 56954.0 2.447 P>0.05 
EBEror. 6 139668 Za21560 


Total 8 255576 


Least Significant Difference 


SE = 124.57 


A - B = not significant, at_P>0..05 
A - C = not significant. at P>0.05 


B - C = not significant at P>0.05 


emMean values from three rats with standard deviation 
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TABLE XXVII 


Areas under the Blood Concentration-Time Curve (AUC) and 
Their Statistical Analysis following Single-Dose Oral 
Administration of pure Sulfamethoxazole and its Preparations 
containing Urea 


Preparations Auc*, mcg hr mee 
A. Pure Powder 10000.00+500.0 
B. Physical Mixture EES 75 ..002625.0 
C. Solid Dispersion 1937.50263 403 


Analysis of Variance 


Source of Variation DF ss MS F P 


Between Preparations 2eoecI O00 «7 LLiGse/005 S3.477, P<0.01 
Error ; 6 2085630 347605 


Total 8 4¥25359.100 


Least Significant Difference 
SE = 481.39 
DF = 6.0 


significant at P<0.01 


A= 15 


A-C significant at P<0.01 


B = C = significant at P<0.01 


evMean values from three rats with standard deviation 
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TABLE XXVIII 


Areas under the Blood Concentration-Time Curve (AUC) and 
Their Statistical Analysis following Single-Dose Oral 
Administration of Sulfisoxazole-Urea Solid Dispersions 


Type of Solid auc", -1 t 
Dispersion mcg hr ml value 2 
Incongruent? 1420. 304120.8 
- 2.660 0. 1L0>P>0.05 
Eutectic 1153 ~«30#125:.0 


“Mean values from three rats with standard deviation 
Incongruent composition: 70% sulfisoxazole, 30% urea 


“Eutectic composition: 25% sulfisoxazole, 75% urea 


TABLE. XXIX 


Areas under the Blood Concentration-Time Curve (AUC) and 
Their Statistical Analysis following Single-Dose Oral 
Administration of Sulfamethoxazole-Urea Solid Dispersions 


Method of AUC ame, t 
Preparation meg hr ml value P 
Evaporation 7937.504634.3 
Oe356> P>0.50 
Fusion 8125..00f62520 


4Mean values from three rats with standard deviation 
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TABLE XXX 


Areas under the Blood Concentration-Time Curve (AUC) and 
Their Statistical Analysis following Single-Dose Oral 
Administration of pure Sulfisoxazole and its Preparations 
containing PVP. 


Preparations auc*, mcg hr ‘Altay 

A. Pure Powder T6560. 202109 59 

B. Physical Mixture 2006. 702125.0 

C. Solid Dispersion P5607 00e155. 5 
Analysis of Variance 

Source of Variation DF SS MS F P 


Between Preparations 2 SSLO92 7.165796..0 Ie LOSS 0 05 7P 20.08 
Error 6 140040 23340.0 


Total 8 471632 


Least Significant Difference 


SE = 124.74 

DF = o- 0 
A-B= significant ac 0.05-P-0. 01 
A =: Cl nOtesronitricant at P20 .05 
Be- C = Significant at: 0.05>P>0.01 


evean values from three rats with standard deviation 
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TABLE XXXI 


Areas under the Blood Concentration-Time Curve (AUC) and 
Their Statistical Analysis following Single-Dose Oral 
Administration of pure Sulfamethoxazole and its Preparations 
containing PVP. 


Preparations auc*, mcg hr rc Sa 
A. Pure Powder 10000.00+500.0 
B. Physical Mixture 10479 .00+580.7 
C. Solid Dispersion 8317.002845.5 


Analysis of Variance 
Source of Variation DF Ss MS F P 
Between Preparations 2 7771780 3885890 8.954 0.05>P>0.01 
Error 6 2604030 434005 


Total 8 10375800 


Least Significant Difference 


SE = 537.90 

DF = 6.0 
A - B = not significant at P>0.40 
A = C = significant: at) 0..05-P>0.01 
B - C = significant at P<0.01 


ove an values from three rats with standard deviation 
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TABLE XXXII 


Statistical Analysis of the Cumulative Amounts Excreted 
in 72 hr following Single-Dose Oral Administration of 
pure Methisazone and its Preparations containing Urea 


Cumulative Amount? Excreted, 


Preparations mg/kg 
A. Pure Powder 26.3022 .9 
B. Physical Mixture 35.40+4.7 
C. Solid Dispersion A912 Sed 
Analysis of Variance 
Source of Variation DF SS MS F P 


Between Preparations 2 840.908 420.454: 21,813; P<0.01 
Error ayn lla SA oy 19275 


Total 3 4956.50) 


Least Significant Difference 
SE = 3.585 


DF = 6.0 
A - B = significant at 0.05>P>0.01 


A - C = significant at P<0.01 


B-C significant at P<0.01 


aMean values from three rats with standard deviation 
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TABLE XXXIII 


Statistical Analysis of the Cumulative Amounts Excreted in 
72 hr following Single-Dose Oral Administration of pure 
Methisazone and its Preparations containing PVP. 


Cumulative Amount* Excreted, 


Preparations 
. mg/kg 


A. Pure Powder 26502269 
B. Physical Mixture 47.98+5.7 


C. Solid Dispersion 42.59+4.6 


Analysis of Variance 
Source of Variation DF Ss MS F P 
Between Preparations 2 764.399 382.199 19.767 P<0.01 
Error 67° EEG O10 19.335 


Total 8 880.408 


Least Significant Difference 
SE = 3.590 
DF = 6.0 


A - B = Significant at P<0.01 


A-C significant at P<0.01 


B-C noe Srgniftrcance at ~P>0. 10 


evean values from three rats with standard deviation 
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of sulfamethoxazole as is evident from Figure 46. Although 
the presence of urea in the sulfamethoxazole-urea solid dis- 
persion results in the reduction of the AUC, its presence 
in the physical mixture increases the AUC. It is possible 
that the interaction between the uncomplexed urea and sul- 
famethoxazole in the physical mixture may contribute to 
the enhancement of bioavailability of sulfamethoxazole. 
As can be seen in Figure 47, the areas under the curve for 
sulfamethoxazole-urea solid dispersions prepared by the sol- 
vent and the fusion methods do not differ significantly. This 
indicates that the method of preparation has little effect 
on the total absorption of sulfamethoxazole. It is interesting 
to note that polyvinylpyrrolidone behaves in the same way as 
urea. On the basis of area analysis, the data presented in 
Figures 45 and 48 indicate that the presence of PVP in solid 
dispersions significantly reduces the systemic uptake of 
both sulfisoxazole and sulfamethoxazole. There would seem 
to be a tendency for solid dispersions to reduce the extent 
of absorption of these drugs. 

The biological half-life of methisazone estimated from 
the blood level data by analog simulation was approximately 
2 hr. However, the biological half-life obtained from the 
urinary excretion data varied from 25 to 49 hr as illustrated 


in Figures 53 and 54. This discrepancy in the estimation 
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of biological half-lives could be due to the presence of 

a peripheral compartment. Assuming such a possibility, it 

is not surprising to see methisazone concentration in blood 
fall below the sensitivity level of the assay procedure after 
8 hours post-administration while the urinary excretion con- 
tinues to be detectable for at least 72 hr beyond the 8 hr 
period. The time course of methisazone in blood may be ade- 
quately described by at least a two-compartment open model 


(Scheme II): 


Scheme II 


where T is the peripheral (tissue) compartment and Kar 


and K are the first-order rate constants for the dis- 


TB 
tribution of the drug between the central and peripheral 
compartments. The integrated equation describing the 


model may be written as: 


ee fe 8 oe ipe (Eq. 36) 


where C and D are the ordinate axis intercepts, and a and 8 


are hybrid first-order disposition rate constants. The 
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first exponential corresponds to the fast disposition rate 
and the second exponential corresponds to the slow dispo- 
sition rate. The fast and slow disposition rates reflect 
the distribution phase of the drug from the central to 
peripheral compartment and the elimination phase of the 
drug from the body, respectively. 

It is believed that the half-lives obtained from the 
blood level and urinary excretion data reflect the fast and 
slow disposition half-lives of methisazone, respectively. 
However, the existence of the two-compartment open model 
could not be proven conclusively due to the lack of a 
pharmacokinetic profile following the intravenous admini- 
stration of methisazone. In practice, it was not found 
feasible to administer methisazone intravenously to rats. 

This concept of a peripheral compartment is presented 
on the assumption that the methisazone assay procedure was 
sufficiently specific for the unchanged drug. [In bio- 
availability studies, the specificity of an assay procedure 
for unchanged drug in the presence of its metabolites plays 
a vital role. In those instances where colorimetric methods 
are non-specific, metabolites with cognate absorption 
characteristics will interfere with the determination of 
unchanged drug in biological samples. The lack of specifi- 
city of the assay will in such cases result in an over- 


estimation of unchanged drug. 
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Information pertaining to metabolites of methisazone 
could not be located in the literature. For that reason, 
no attempt was made to demonstrate the specificity of the 
analytical procedure used in the present study. With this 
in mind, the relatively low recovery of methisazone from 
spiked blood as opposed to the high recovery from spiked 
urine could suggest that the half-life as determined from 
the blood data was underestimated. After such considerations, 
it becomes difficult to speculate on whether the differences 
obtained for the biological half-lives of methisazone are 
really due to the presence of a second NS, Cee ate OT 
whether they are due to the overestimation of the half- 
lives as a result of the non-specificity of the assay 
procedure employed for the urine samples. 

The statistical analysis of 72-hr urinary excretion data 
for methisazone, as presented in Tables XXXII and XXxXIII, 
reveals that both urea and polyvinylpyrrolidone significantly 
increase the bioavailability of methisazone from solid dis- 
persions. 

In the present study, phase diagrams were constructed 
to ascertain the physical nature and the percent composition 
of solid dispersions formed. Thermodynamic and kinetic 
between. be for the binary systems were determined to help 
elucidate the operative mechanism by which solid dispersions 
could influence bioavailability of drugs. On the basis of 
thermodynamic analysis of the methisazone binary systems, 
interaction between the components could be considered as 


negligible. On the other hand, in the case of sulfisoxazole 
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and sulfamethoxazole, the magnitude of the thermodynamic 
parameters obtained indicated that interaction between the 
components could not be ruled out as one of the mechanisms 
affecting bioavailability of the drugs. 
It was shown earlier that the dissolution rates for the 
two sulfonamides from the physical mixtures were faster 
than those from the solid dispersions. This fact seemed 
to indicate that the enhancement of dissolution rates from 
physical mixtures could be due to simultaneous release of both 
the uncomplexed and the complexed species of the drugs. In 
other words, the dissolution rates of the drugs from physical 
mixtures would be the sum of the dissolution rates of the 
uncomplexed and the complexed drugs. In contrast to this, 
the dissolution of drugs from solid dispersions would depend 
upon the dissolution rates of the complexed drugs alone. 
Based on such concepts, it seems reasonable to assume 
that the differences in the dissolution rates of sulfisoxazole 
and sulfamethoxazole between the solid dispersions and the 
physical mixtures are again most likely due to interaction 
between the components. It should be noted, however, that 
insofar as the methisazone binary systems are concerned 
such differences can not be attributed to interaction 
between the components. The fact that dissolution rates 
of this drug from solid dispersions were faster than dissolu- 
tion rates from physical mixtures would support such a con- 


clusion. Thus, if the assumption is correct that absorption 
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of sparingly soluble drugs is rate-limited by the dissolu- 
tion process, differences in dissolution rates will be 
related to differences in bioavailability of drugs. The 
findings of the present study seem to support this assump- 
tion in that the differences in the dissolution rates of 
sulfisoxazole, sulfamethoxazole, and methisazone between 
the solid dispersions and the physical mixtures are related 
to the differences in the observed bioavailability of these 


drugs. 
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SUMMARY 


Solid dispersions of sulfisoxazole, sulfamethoxazole, 
and methisazone were prepared by the solvent. evaporation 
technique using both urea and polyvinylpyrrolidone as water 
soluble carriers. Thermal analyses of the binary systems 
were carried out by the capillary melting point and differential 
thermal analysis methods. Phase diagrams were constructed 
from the thermal analysis data obtained on the evaporated 
mixtures. Equilibrium solubility studies were conducted to 
investigate the effects of urea and polyvinylpyrrolidone 
on the solubilities of sulfisoxazole, sulfamethoxazole, 
and methisazone in water. On the basis of the solubility 
data, thermodynamic parameters were determined for the inter- 
actions between drugs and carriers. Dissolution rate studies 
were undertaken to ascertain the rate constants and percent 
dissolution times for the pure drugs, physical mixtures, 
and solid dispersions. Finally, comparative bioavailabilities 
of pure drugs, physical mixtures, and solid dispersions were 
were evaluated in rats using a completely random design. 

As a result of the present investigation, the following 
may be concluded: 

1. Sulfisoxazole interacts with urea to form a complex 

with incongruent melting point. 

2.  Sulfamethoxazole and urea constitute a eutectic 


system. 


smabel aes givn Avytod Date gabe peng 
oxssxondtansil ve <plossioethive to eosvatia 
yi ilidufee sit to giesd sll ‘20° asda nt @ 


-1sjni 9dj3 to} beaimrsteb- ore ee 


esibige 535% brat p il 


xeiigtIos 6 moe" ot pote tiie edosrednt slossxoaihive i: ea 
i e 
ny U 7 7 ! - v 
: J a a hd i 4 ; 7s : er Te 
sintkog parks ion tneuzpAO nya OG 
: i ae bape YT eres 
3 fete ; i i 2: Paar : a at PSs 
oitopsuess. otutijenos asuy brs sloseeedpsdanive ey eS IY 
SE s ae: oi o_o fA ev Oe eat, aa 
i Aly r aad 7 ah J : See 
: Tipe 
= : if : - i i ea is ; 
; ¢ ; ‘ ¢ ; Ad etl iP peur 
‘ ai 0 : ye r % : 5) 


4 
ae: 


173 


The interaction between methisazone and urea is 
indicative of peritectic complex formation. 

On the basis of the DTA studies, it is suggested 
that sulfisoxazole, sulfamethoxazole, and methisa- 
zone form glass solutions with PVP. 

The stoichiometry of the binary hydrogen-bonded 
complexes is apparently 1:1 in all the cases 

except sulfamethoxazole-polyvinylpyrrolidone 
system. The stoichiometeric ratios for sulfamethoxa- 
Zole-polyvingloyerolidens system at 25 and ype 
appear to be 2:1 and 3:1, respectively. 

Significant differences were found in the dis- 
solution profiles of sulfisoxazole, sulfamethoxazole, 
and methisazone. 

In the case of sulfisoxazole and sulfamethoxazole, 
the dissolution rates from physical mixtures were 
significantly faster than those from solid dis- 
persions. This is presumably due to the inter- 
action between the intact drug and the carrier 
molecules during the dissolution process. However, 
these unexpected interactions were not observed 
during the dissolution of methisazone from physical 
mixtures. 

Both urea and polyvinylpyrrolidone significantly 
reduced the extent of absorption of sulfisoxazole 


and sulfamethoxazole from solid dispersions. Con- 
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versely, urea and polyvinylpyrrolidone significantly 


increased the bioavailability of methisazone from 


solid dispersions. 


The reduction in the bioavailability of sulfisoxazole 


and sulfamethoxazole from solid dispersions con- 
taining urea and polyvinylpyrrolidone may be ac- 
counted) forjuam part at least, by the fact that 

the drug and carrier molecules exist as complexes 


inthe tsolad state : 


The enhancement in the bioavailability of 
sulfisoxazole and sulfamethoxazole from physical 
mixtures containing urea and polyvinylpyrrolidone 
would appear to be related to the formation of 
soluble complexes between drug and carrier 

motac ales in aqueous solution. 

The absence of complexation between the components 
would suggest that the enhancement in the bio- 
availability of methisazone from solid disper- 
sions containing urea and polyvinylpyrrolidone 
could possible be due to particle size reduction 


ofethe drug. 
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TABLE A-1l 
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Effect of Urea Concentrations on Aqueous Solubility of 


Various Drugs at 25-¢ 


Urea, 
& W/V 


Sulfisoxazole 


15. 35340. 706 
16.765+0.294 
18.82440.294 
20.088+0.176 
21.765+0.294 
23.824+0.294 
25.500+0.353 
27.35340.294 
28.618+0.353 
30. 794+0.353 


3265 58*0,7355 


39%-47520:.:8 7:7 


42.105+0.526 
43,..859:+0..526 
46.491+0.526 
48.246+0.526 
50.000+0.526 
5.22.6 320)..526 
54. 386+0.530 
Sie LB0:.15 30 
5iS.n/ 2c 0iy 30 


61.404+0.530 


b 


Solubility*, mg/100 ml 


Sulfamethoxazole Methisazone 


1.301+0.070° 


1.:303:+0..0 41 
1 2 3.3520)5:0. 451, 
1.13. 70+0)..0 41. 
1 43:042.0:.,0'70 
1.301+0.041 
1.301+0.041 
1.30.120,..0 70 
1 33, 7020;,-0 70 
13 70:40:07.0 


1.43840.070 


“average of three determinations with standard deviation 
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TABLE A-2 


Effect of Urea Concentrations on Aqueous Solubility of 


Various Drugs at 37°C 


Urea, 
% W/V 


0.00 


0.50 


Solubility, mg/100 ml 


Sulfisoxazole Sulfamethoxazole 


26.485+1.610 
So eSOZL0, COL 
43.088+3.676 
50.000+1.470 
BO. 382292676 
69. 73020 .602 
TSC 52922. OAL 
BZ. 5t1. 470 
St / Gl .a 70 


982529217470 


104. 853+0. 882 


Pie to See org 
eines Be ito peal Wot Os 2} 
92.983+1.754 
105.263+1. 754 
LTO. 52641. 754 
P20 + O26 2 is0 59 
1293825217754 
138.0 702LL2053 
146. 842+1.053 
156.140+1.754 


166. 240512055 


b 


Methisazone 


Fe7tZ220 204: 
ES 753920 2041 
1:91820.041 
T2OPCEOT 0 41. 
1.890+0.041 
£295920 50421 
2.164+0.040 
23125202070 
23 £232030-70 
22192205070 


2.370+0.040 


“average of three determinations with standard deviation 


b 


Solubility of pure drug in distilled water at yite 
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TABLE A-3 


Effect of PVP. Concentrations on Aqueous Solubility of 
Various Drugs at 25°C 


Solubility*, mg/100 ml 


a Sulfisoxazole Sulfamethoxazole Methisazone 
0.00 45-35320: 706" 39.47540.877> 1.301+0.070° 
0.50 17.941+0.294 45.614+0.000 1.781+0.040 
1.00 20.294+0.294 49.123+0.877 2.055+0.000 
1.50 21.471+0.290 55.263+0.000 2.329+0.000 
2.00 24.029+0,176 60.526+0.877 2.603+0.000 
2.50 26.176+0.290 66.667+0.800 2.945+0.070 
3.00 28.235+0.290 71.053+1.490 3.288+0.070 
3.50 30.38240.353 76230602877 3.630+0.070 
4.00 32.147+0.882 81.579+1.490 3.973+0.070 
4.50 34.912+0.353 87.719+0.877 4.452+0.070 
5.00 36165320: 353 92.982+1.754 4.863+0.040 


“average of three determinations with standard deviation 


solubility of pure drug in distilled water at 25°C 
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TABLE A-4 


Effect of PVP. Concentrations on Aqueous Solubility of 
Various Drugs at 37°C 


Ss 


PVP. v 
tw/V 


Sulfisoxazol 


26.485+1.610 
29.603+0.485 
32.029+0.971 
35. 766209202 
39.16340.291 
42.706+0.485 
45.957+0.290 
49.160+0.582 
52. eenneseo 
55.663+0.580 


59. 206205970 


e 


b 


71.1 93t04 579 
84. 73422053 
94. 2144132053 
101.7544+1.754 


107.0182#45 750 


PLL. 298246 750 


122.807+1. 800 
132 807212053 
P40: Soieae 750 
150.8 /7721 800 


157 89 Stl 750 


b 


Methisazone 


1.712+0.040 
2. 1232,0020 70 
2.53420.070 
3.151407000 
3. 49:320'1070 
4.178+0.070 
4.520201 37 
5. 13720070 
5.65820-7103 
632332070 70 


6.849+0.070 


Solubility®, mg/100 ml 


Sulfamethoxazole 


b 


“average of three determinations with standard deviation 
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Solubility of pure drug in distilled water at sgize 
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TABLE A-5 


Data® for Dissolution of Pure eee sazore- in Distilled 
Water at 37°C 


Amount Percent Percenc 
Hours Dissolved Dissolved Undissolved 
O25 aici One cao 0.56 99.44 
0.50 Sef 420 221 On92 99.03 
OAPs: D240. S00 be 3d 98.69 
L..00 6.6340, 290 L263 98.27 
T50 9.30+0.446 2228 OF ae 
2.00 11357202432 2.84 97.16 
3.00 15.9841.537 3.92 96.08 
4.00 ZA 6 626s B32 94.68 
5.00 2305+ 15:9131 6.88 She Pee 4 
6.00 S2e 2522 shoo heeyal 92.09 


“Rotating-Basket Method used 


Dveight of pellets = 407.63+0.503 mg. 


“average of three determinations with standard deviation 
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TABLE A-6 


Data* for Dissolution of Sulfisoxazole-Urea Physical Mix- 
ture in Distilled Water at 37°C 


Amount PeELcene PeLcent 
Hours Dissolved Dissolved Undissolved 
0.25 263200205 Ose 99.10 
0.50 4.32+0.224 1,50 98.50 
0.75 5.66+0.081 ge )s) 28205 
1.00 Ton da BO BO 2 D0 S10 
0 9.. 59:02 45 3t30 96.70 
2.00 12. 00205 223 4.12 95.88 
3.00 18. JOt%. 125 6.42 93.58 
4.00 26. 56*0, 755 Or gk2 90.88 
5. O00 33, 4641. 103 11.50 88.50 
6.00 37.8921. 147 13.00 87.00 


@Rotating-Basket Method used 


SWeight of pellets = 40840.570 mg. (Sulfisoxazole = 70%) 


“average of three determinations with standard deviation 
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TABLE A-7 


Data“ for Dissolution of Sulfisoxazole-Urea Solid Dispersion? 
in Distilled Water at 37°C 


Amount reLcent Perceme 
Hours Dissolved© Dissolved Undissolved 
O25 254520 S143 0.85 SME pep ids) 
0.50 4.5740.140 £260 98.40 . 
On27> 6.24+0.100 2.20 97.160 
1.00 136320), 180 205 7.35 
P50 9.74+0. 390 sks: 96.62 
2.00 LP. S320 192 4.10 954.90 
3.00 17.95+0.440 6a23 93.007, 
4.00 24.10+0.900 8. 36 91.64 
5.00 27.3041. 440 9.47 SOc 
6.00 325 20202800 he 20 88. 80 


“Rot ating-Basket Method used 


Pweight of pellets = 408.4340.900 mg. (Sulfisoxazole = 70%) 


“average of three determinations with standard deviation 
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Data* for Dissolution of Sulfisoxazole-PVP Physical Mixture? 


in Distilled Water at 37°6 


Amount 
Hours Dissolved© 
Oez5 12:4520 2685 
350 25.81+3.660 
O75 39 .08+3.685 
1.00 51.64+1.480 
ae 56 66.88+3.066 
Z2a00 81.6446.963 
Ze50 92.98+3.905 
5700 98.00+4.507 
4.00 103, 80232075 


®Rotating-Disc Method used 
b 


Percent 
Dissolved 


12.45 
Cops eho 
39.08 
51.64 
66.88 
81.64 
MS onsen) 
98.00 


103.80 


Percent 
Undissolved 


By 9.5 
74.19 
60.92 
48.36 
SoeuZ 


18. 36 


400 mg. quantitatively transferred and compressed (PVP = 


“average of three determinations with standard deviation 
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TABLE -A-9 


Data® for Dissolution of Sulfisoxazole-PVP Solid Dispersion” 
in Distilled Water at 37°C 


Amount Percent Percent 
Hours Dissolved Dissolved Undissolved 

0.25 6.62+0.440 | 6.50 93.50 
0.50 12.6020.5750 12.40 87.60 
0.75 19.6642.245 LOR 7 80,473 
1 00 26306426593 25.54 74.46 
150 SONS St 204 BaROD 61.45 
2.00 50.1543.210 49.16 50.84 
3.00 ‘73.74+3.910 W229 7a PN EI 
4.00 102.26+3. 406 100425 00.00 


“Rotating-Disc Method used 


D400 mg. quantitatively transferred and compressed (PVP = 75%) 


“average of three determinations wtih standard deviation 
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TABLE A-10 


Data® foe Dissolution of Pure cutramethoxazole. in-Dirstilied 
Water at 37 C 


Amount Percent PesCceire 
Hours Dissolved® Dissolved Undissolved 

O20 ee alld tiapehan Lees 98.95 
0.50 Satta eee 2228 OW oe 
OF Lo NEM Boas ms Heald Fes 9 2G SW ie iP 4 
1.00 IseI5St0 7664 3. 80 96220 
1750 23°6820.877 5.90 94.10 
27.00 29.90+0.000 7.43 927257 
3.00 43.9840. 800 10.90 89.10 
4.00 56.32+0.885 13499 86.01 
5.00 69.2341. 843 Li 220 82.80 
6.00 83704247536 20.60 79.40 


“Rotating-Basket Method 


DWeight of pellets = 40542 mg. 


“average of three determinations with standard deviation 
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TABLE. ALL 


Data for Dissolution of Sulfamethoxazole-Urea Physical 
Mixture? in Distilled Water at 37°C 


Amount Percent Percent 
Hours Dissolved© Dissolved Undissolved 
0.25 4.62+0.564 2.0 98.10 
0.50 8.38+0.708 3.45 96.55 
0.75 LT 6 LEO 276 7 4.77 954235 
1.00 14.84+0.871 6. 10 93.90 
i250 22, 96t1 20 9.04 90:596 
2.00 29 .91+0.885 222.50 87.10 
3.00 43.40+1.350 a7 7e5 82.15 
4.00 S/oUt2 «300 23.64 76% 30 
5.00 6925256500. 28550 Helou 
6.00 83.0 2220.63 ; 34.15 655365 


?Rotating-Basket Method used 


DWeight of pellets = 407.80+3.340 mg. (Sulfamethoxazole = 60%) 


“average of three determinations with standard deviation 
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TABLE A-12 


Data®* for Dissolution of Sulfamethoxazole-Urea Solid 
Dispersion in Distilled Water at 37°C 


Amount 
Hours Dissolved® 
0.25 4.45+0.520 
0.50 8052061 15 
0.75 11.4420 .185 
1.00 14.80+0.365 
1.50 204 608 900 
2.00 28.2040. 880 
3.00 40.50+1.750 
4.00 51.904+0.870 
5.00 63.40+1.500 
6.00 73.8843.405 


Percenc Percent 
Dissolved Undissolved 
1.80 9:8...20 
32.30 967370 
4.66 95.34 
6.03 5 je RS] 
8.61 91.39 
1g 50 88.50 
LOR 50 83.50 
24610 78.90 
258.80 74.20 
30.00 70.00 


°Rotating-Basket Method used 


Dweight of pellets = 40641.30 mg. (Sulfamethoxazole = 60%) 


“average of three determinations with standard deviation 
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TABLE A-13 


Data* for the Dissolution of Sulfamethoxazole-PVP Physical 
Mixture> in Distilled Water at 37°C 


Amount a Percent Percent 
Hours Dissolved Dissolved Undissolved 

0425 14.02+0.870 13.50 86.50 
0.50 26.3520.875 25250 74.50 
0.75 39.6021 .7750 38.24 61.76 
1.00 48.424+1.775 46.75 53225 
1.50 10453226380 68.10 S190 
2.00 98.6021. 750 9:5).,20 4.80 
3.00 105.1021.040 10 E50 


Rotating-Disc Method used 


Doo mg. quantitatively transferred and compressed (PVP = 75%) 


“average of three determinations with standard deviation 
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TABLE A-14 


Data, for Dissolution of Sulfamethoxazole-PVP Solid Disper- 
Sion” in Distilled Water at 37°C 


Amount rereent PeLrcene 
Hours Dissolved Dissolved Undissolved 
0.25 81040-1421 temas GO 92.40 
O50 15.4140 .251 14.50 Be OO) 
(oy As) 22.9040.850 21550 18250 
1.00 30.2221. 305 28.40 71.60 
1.50 43.70+0.490 41.10 58.90 
2.00 58. 10202910 54.60 45.40 
3.00 85.60+0.468 80.50 TORSO 
4.00 LO6.:7 720.934 100.00 00.00 


“Rotating-Disc Method used 
Dado mg. quantitatively transferred and compressed (PVP = 75%) 


Saverage of three determinations with standard deviation 


Data® for Dissolution of Pure Methtaavone- 


Water at 37 C 


Hours 


24 
48 
72 
96 


120 


Amount 


Dissolved® 


1.50+0.182 
2.24+0.180 
2.82+0.100 
3.28+0.160 


3 £9.7£0:21.80 


TABLE A-15 


Percent 
Dissolved 


“Rotating-Basket Method Used 


DWeight of pellets = 404.90+0.550 mg. 


in Distilled 


Percent 
Undissolved 


99 468 
99.45 
99.2730 
99 S19 


99.00 


“average of three determinations with standard deviation 
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TABLE A-16 


Data® for Dissolution of Pure Methisagone” in Distilled 
Water containing 0.01% Tween 80 at 37°C 


Amount a Percent Percent 

Hours Dissolved Dissolved Undissolved 
6 i. 3620.020 0.34 99.66 
2 2’. L420. 250 Oa8 99.47 
24 3.500.265 0.86 99.14 
48 S, ber. EGA) 98.74 
Tips 5.94+0.300 1.46 98.54 
96 6.2240. 340 52 98.47 
120 6.22+0.290 LoS 98.47 


@Rotating-Basket Method used 


DWeight of pellets = 406.70+1.74 mg. 


“average of three determinations with standard deviation 
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TABLE A-17 


Data* for Dissolution of Methisazone-Urea Physical Mixture” 
in Distilled Water at 37°C 


Amount Percent Percent 

Hours Dissolved® Dissolved Undissolved 
3 2.80+0.095 1.38 986.2 
6 4.30+0.340 one 12 9.7 sn8i6 
18 512,20). LO) Lis De 97.48 
24 5.34+0.005 2% 63 OT 4351 
30 5.6340, 093 Zio tah OT aes 
42 5., 9820). LO 2.94 9.7 0.6 
54 25.99.2000 110i 2.95 97.05 
78 6.17+0.104 3.04 96.96 
96 6..23920..4.70 S50)7/ 96.93 
120 6.25920, 2.70 S<'0i7 D6 9's 


“Rotating-Basket Method used 


PWeight of pellets = 406.334+1.27 mg. (Methisazone = 50%) 


Caverage of three determinations with standard deviation 
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TABLE A-18 


Data* for Dissolution of Methisazone-Urea Solid Dispersion” 
in Distilled Water at 37°C 


Hours Amount CG Bercent Percent 
Dissolved Dissolved Undissolved 
9 1.2740.210 0.62 99.38 
24 2.24+0.520 1310 9'3590 
42 o.2120.260 di 7 98.43 
54 3.73+0.440 1283 OSe 17 
78 4,49+0.700 2.20 97.80 
96 4.84+0.500 2.40 97.60 
120 5,802£0.430 2.60 97.40 


“Rotating-Basket Method Used 


PwWeight of pellets = 404.4010.930 mg. (Methisazone = 50%) 


Saverage of three determinations with standard deviation 
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TABLE A-19 


Data” for Dissolution of Methisazone-PVP Physical Mixture? 
in Distilled Water at 37°C 


Amount Percent Percent 


Hours Dissolved® Dissolved Undissolved 
0.25 1.4440.091 1.42 98.56 
0.50 2.6920 ,092 VAR SP O7.o8 
0.75 S71020. 056 3.06 96.94 
1.00 3.4020.101 35-36 96.64 
E250 3.7720. 0500 3.13 96.27 
2.00 369120. LOO 32.07% 96.13 
3500 3.4.9120.100 Sou 96.13 
6.00 3. 94+0. 200 Seal SKE) 


“Rotating-Basket Method used 


Pweight of pellets = 408.80+0.854 mg. (PVP = 758) 


“average of three determinations with standard deviation 
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TABLE A-20 


Data* for Dissolution of olethisazone- PVP Solid Dispersion” 
in Distilled Water at 37°C 


Amount Percent Percent 
Hours Dissolved Dissolved Undissolved 

Geo eof etoe Df-23 98.47 
0.50 StZTEOC IOC 3.20 96.80 
0-75 4.76+0.107 4.63 35.5 37 
£00 6.43+0.101 6.25 93275 
noas 62/520 .050 6.57 93.43 
Te50 Wea ial Or ah gs) 6.90 93, 10 
2.00 7.3240.113 eee 92.88 
3.00 Teaser. ceo ly 92.88 
6.00 feoteeQek7o Pe22 92.75 


@Rotating-Basket Method used 


PWeight of pellets = 405.60+1.50 mg. (PVP = 75%) 


Caverage of three determinations with standard deviation 
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TABLE A-21 


a : : : ; t 
Data for Dissolution of Methisazone=PVP Physical Mixture? 


in Distilled Water at 37°C 


Amount Percent Percent 
Hours Dissolved Dissolved Undissolved 

0.25 0.894+0.050 0.90 99510 
0.50 1.5520.170 mA yes 98.44 
0.75 2.0020.212 2 «02 97298 
1.00 2.24+0.090 2.26 97.74 
£250 2.63520.050 2.65 97535 
2.00 2-9620.052 3.00 97.00 
2.50 3.14+0.050 3. 17 96.83 
3.00 8.8020.052 8.38 96.67 
4.50 3.4020.202 3.44 J6256 
3.00 3.51+0.046 S55 96.45 


“Rotating-Disc Method used 


Pa00 mg. quantitatively transferred and compressed (PVP = 75%) 


“average of three determinations with standard deviation 
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TABLE A-22 
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a : : é 3 : 4 : 
Data for Dissolution of Methisazone-PVP Solid Dispersion” 


intorsti lied Water at737..C 


Amount 
Dissolved 


0.48+0.050 
O29 7095 
a7 2205270 
2.22/20. 140 
2. 8020.25 
3.00202 105 
4.35+0.050 
5.100.072 
52. 9920).,050 
5.58520. 050 
6. 0220..050 


G20 +0..050 


Percent 
Dissolved 


Percent 
Undissolved 


99.53 
Be oes he 
98.30 
97246 
97.24 
96.55 
25 sila 
94.97 
94.50 
94.25 
94.06 


9:36.30 


“Rotating-Disc Method used 


b 


400 mg. quantitatively transferred and compressed (PVP = 


“average of three determinations with standard deviation 
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TABLE A-23 


Blood Level Data for Sulfisoxazole-Urea* Physical Mixture 
following Single-Dose Oral Administration in Male Wistar 
Rats 


Blood Concentration®, 


Hours mcg/m1 
0.25, 9723.24+11.80 
0.50 124.85+10.00 
1.00 172.87+24.00 
2.00 2627.90210.00 
3.00 316.93+24.00 
4.00 298292115. 88 
6.00 134. 85+24.26 
8.00 46.00+18.00 

12.00 Lee40+- 1.38 


@pose level: 500 mg/kg sulfisoxazole equivalent 
Dohe rats weighed 445+9 g 
“Mean values from three rats with standard deviation 
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TABLE A-24 
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Blood Level Data for Sulfisoxazole-Urea Solid Dispersions 
following Oral Administration of Single Doses in Male 


Wistar Rats 


Blood Concentration®, mcg/ml 


500-mg/kg Dose 


250-mg/kg Dose 


Equivalent Equivalent 
Hours Eutectic” Incongruent~ Incongruent~ 
OaZo 42. $007 G20 140. 85+15.10 90.84412.50 
0.50 L222. 485212. 50) 76...8 7218200 120. 852597220 
+. 00 164.86 6.93 2505902 G200 162.86+ 7.00 
20:0 230,289: t157. 100 304.92412800 186290229420 
3.00 208. 88+12.00 262 .90+36.550 158. 862 .9'..20 
4.00 158.86215.10 80.3723 eRE2 106.84+15. 80 
6.00 104.84+ 9.20 80.83+30.00 52.82212.00 
8.00 27.612. 9.06 40.82+10.00 17,602 200 
£2.00 12.2802 3.60 LB. 202) 2000 12.00+ 4.00 
Rats weighed: 436+6 g 403+6 g 448+12 g 


i 


Mean values from three rats with standard deviation 
Eutectic composition: 25% sulfisoxazole, 75% urea 


“Incongruent composition: 70% sulfisoxazole, 30% urea 
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TABLE A=-25 


Blood Level Data for Sulfisoxazole-PvP* Physical Mixture 
following Single-Dose Oral Administration in Male Wistar 
Rats 


Blood Concentration®, 


Hours mcg/ml 
0 25 WAZ 855-2 010 
0.50 234. 89+19.30 
10:0 32.8.93210.40 
2.00 3.6.9 sD 2L8 33 
3.00 336 «9.32.18 ..0.0 
4.00 296.92+18.30 
6.00 128 ABS2 2aien2 
8.00 44,82+13.86 

12,00 16.00+ 3.66 


@pose level: 500 mg/kg sulfisoxazole equivalent 
Done rats weighed 463+20 g 
SmMean values from three rats with standard deviation 
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TABLE A-26 


Blood Level Data for Sulfisoxazole-PVP* Solid Dispersion 
following Single-Dose Oral Administration in Male Wistar 
Rats 


Blood Concentration®, 


Hours mcg/ml 
Gi. 250! 162.86+35.20 
0.50 284.91+36.67 
1.00 432.97434.65 
2.00 336.93412.50 
3.00 234.894+22.70 
401 156.86424.99 
6.00 68.82+ 3.50 
8.00 31.61+ 3.85 
12.00 12.80+ 3.60 


@Dose level: 500 mg/kg sulfisoxazole equivalent 
Oohe rats weighed 407+12 g | 
SMean values from three rats with standard deviation 
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TABLE A-27 


Blood Level Data for Sulfisoxazole-PvP® Solid Dispersion 
Following Single-Dose Oral Administration in Male Wistar 
Rats~ - 


Blood Concentration®, 


Hours mcg /ml 
0/25 . PIs. 85227~.50 
050 156.86236.67 
1.00 222.69 +29),00 
200 192.88+24.98 
3.00 142.86+15.88 
4.00 90.84+ 9.20 
6.00 60.82+18.34 
8.00 20.00+ 3.46 

12:00 TS 202" L240 


"pose level: 250 mg/kg sulfisoxazole equivalent 
Othe rats weighed 465+22 g 


“Mean values from three rats with standard deviation 
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TABLE A-28 


Blood Level Data for Sulfamethoxazole-Urea® Physical Mixture 
following Single-Dose Oral Administration in Male Wistar 
Rats 


Blood Concentration’, 


Hours mcg/ml 
0.25 | 190.50+34.60 
0.50 320.104+27.87 
1.00. 531.75+42.00 
2.00 727.50427.87 
3.00 756.60+18. 33 
4.00 762.004+27.50 
6.00 719.57+18.33 
8.00 661.404 9.20 

12.00 603.20415.87 

20.00 198.40+15.90 

28.00 82.004 9.16 


@Dose level: 500 mg/kg sulfamethoxazole equivalent 
Dohe rats weighed 427+8 g 
“Mean values from three rats with standard deviation 
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TABLE A-29 


Blood Level Data for Sulfamethoxazole-Urea® Solid Dispersions 
following Single-Dose Oral Administration in Male Wistar Rats 


Blood Concentration”, mcg/ml 


Rats weighed: 


@nose level: 


44025" 9" 


Hours Solvent Method Fusion Method 
O2725 214.28428.60 195280227287 
0.50 349.20+49.60 328.00+47. 84 
1.00 555.50479.40 455.002+56.30 
2.00 761.90+63.49 616.40+69.34 
3.00 693.12+40.00 711.64452. 80 
4.00 677 .25218.33 706.35+49.60 
6.00 619.05+ 7.94 653.44+16.50 
8.00 558.202 4.60 605.82+40. 73 

#2600 275243 2334.00 233-5 10£32.'L0 

20.00 82700f12.42 HOOT S32 26.52 

28.00 37.042 99:8 85 .70210...50 


44045 g 


500 mg/kg sulfamethoxazole equivalent 


Penn values from three rats with standard deviation 
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TABLE A-30 


Blood Level Data for Sulfamethoxazole-PVvP® Physical Mixture 
following Single-Dose Oral Administration in Male Wistar 
Rats 


Blood Concentration®, 


Hours mcg/m1 
0}.,25 222.00+36.40 
0.50 412.70+47.00 
H.00 666.70+48.00 
22.,00 804.20+51.00 
33,030 825.40+42.00 
4.00 777. 80+41.90 
6.00 751..30:433).,.010 
8.00 677.25+40.00 

12.00 5060 432..10 

20.00 10:8*..50412%,.010 

28.00 AT. 624: 7.90 


@pose level: 500 mg/kg sulfamethoxazole equivalent 
Done rats weighed 436+16 g 
“Mean values from three rats with standard deviation 
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TABLE A-31 


Blood Level Data for Sulfamethoxazole-PVP* Solid Dispersion 
following Single-Dose Oral Administration in Male Wistar 
Rats 


Blood Concentration®, 


Hours mcg/ml 
0.25 349.20+28.62 
0.50 513.232246025 
D0 0 653.44+69.34 
2.00 767.20+40.00 
3.00 809 252231075 
4.00 746.004+27.50 
6.00 640.21+24.25 
8.00 571. 43515087 

£2200 299 .004+32.10 

20.00 92.60+16.50 

28.00 34.40+-6.10 


“pose level: 500 mg/kg sulfamethoxazole equivalent 
Dohe rats weighed 4531412 g 


“Mean values from three rats with standard deviation 
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TABLE A=32 


Blood Level Data for Pure Methisazone® following Single- 
Dose Oral Administration in Male Wistar Rats. 


Blood Concentration”, 


Hours mcg/ml 
O50 ) 7.60+0.44 
1.00 S8220.135 
2500 10.3020. 74 
3.00 11.26+0.300 
4.00 9.56+0.74 
a 007y, he 35 t0e73 
6.00 6.32+0.85 


@pose level: 500 mg/kg methisazone 


fon 


Mean values from three rats with standard deviation 
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TABLE A-33 


Blood Level Data for Methisazone-Urea® Physical Mixture 
following Single-Dose Oral Administration in Male Wistar 
Rats. 


Blood Concentration”, 


Hours mcg/ml 
0.50). 7.4020. 73 
1.00 9.11+0.85 
2.00 10.0041.53 
3.00 10.80+0.42 
4.00 8.82+0.74 
5.00: 7.10+0.88 
6.00 6.25+0.97 


@pose level: 500 mg/kg methisazone equivalent 


Dean values from three rats with standard deviation 
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TABLE A-34 


Blood Level Data for Methisazone-Urea® Solid Dispersion 
following Single-Dose Oral Administration in Male Wistar 
Rats. 


Blood Concentration”, 


Hours mcg/ml 
0250) | 8.38+0.88 
1.00 9.56+0.74 
2200 12.00+0.90 
3.00 13.20+1.50 
4.00 12.25+0. 88 
5.00 9.80+0.90 
6.00 7.80+0.50 


“pose level: 500 mg/kg equivalent 


Pea values from three rats with standard deviation 
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TABLE A-35 


Blood Level Data for Methisazone-PvpP* Physical Mixture 
following Single-Dose Oral Administration in Male Wistar 
Rats. 


Blood Concentration”, 


Hours mcg/ml 
0250 9.00+0.78 
1.00 7 LOWSOL0 473 
Py SOM, Tie 522.58 
5200 14.0041.95 
4.00 22 0 
5.00 itr. 0020585 
6.00 8.10+0.74 


@Dose level: 500 mg/kg methisazone equivalent 


Mean values from three rats with standard deviation 
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TABLE A-36 


Blood Level Data for Methisazone-PVP® Solid Dispersion 
following Single-Dose Oral Administration in Male Wistar 
Rats. 


Blood Concentration”, 


Hours mcg/ml 
0.25. 10.4040. 43 
0.50 14.70+0. 70 
1.00 86520075 
2.00 20.00+0.45 
3.00 22.80+0.80 
4.00 20.50#1.50 
5.00 Te 3521020 
6.00 11. 8041.50 
7.00 9.80+0.90 
8.00 8. 2040.74 


@nose level: 500 mg/kg methisazone equivalent 


Dean values from three rats with standard deviation 
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Urinary Excretion Data for Pure Methisazone” 
under uncontrolled urinary pH conditions. 


Rats 


Hours 


Ue 


@nose level: 


Amount© 
Excreted, 
mg/kg 


026252050150 


G2 9S020.420 


1.970+£0.:250 


3.450+0.040 


7.600+0.160 


3.540+0.500 
3.800+0.500 
2.740+0.500 


1.640+0.050 


TABLE A-37 


Mean Cumulative 
Amount Excreted, 


mg/kg 


26.300 


500 mg/kg methisazone 


Done rats weighed 38010 g. 
“Mean values from three rats with standard deviation 
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in Male Wistar 


Excretion Rate, 
mg/kg/hr 


0.312 
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TABLE A-38 


Urinary Excretion Data for Methisazone-Urea™ Physical Mixture 
in Male Wistar Rats” under uncontrolled urinary pH conditions. 


Amount ~ Mean Cumulative 
Excreted, Amount Excreted, Excretion Rate, 
Hours mg/kg mg/kg mg/kg/hr 

al -- -- 0.400 
2 0.720+0.08 0. 720 a 

s) =-- ag 0.680 

4 1.36040.08 2.080 maa 

6 =-- -- 1.000 

8 4.000+0. 800 6.080 == 
10 -- -- 1.100 
12 4.400+0.400 10.480 ae 
18 -- -- 0.800 
24 9.4904+2.200 19.980 75 
30 == -- 0.500 
36 6.000+2.000 25.980 =< 
42 ae -- 0.300 
48 3.680+0.560 2986.00 2 
54 -- == 0.320 
60 3.900240. 800 3ee00 -- 
66 a a Owl55 
eA 1.86020.120 35.400 -- 


So eens SOLED ae ee ee, 1 rs ie 


anose level: 500 mg/kg methisazone equivalent 
Done rats weighed 3901410 g. 


°mMean values from three rats with standard deviation 
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TABLE A-39 


Urinary Excretion Data for Methisazone-Urea® Solid Dispersion 
in Male Wistar Rats> under uncontrolled urinary pH conditions. 


Amount © Mean Cumulative : 
Excreted, Amount Excreted, Excretion Rate, 
Hours mg/kg mg/kg mg/kg/hr 
ib -- -- 02330 
2 0.660+0.100 0.660 ae 
3 -- -- 0.600 
4 1.200+0.080 1.860 Se 
6 -- i 0.880 
8 3.52020. 140 5.380 = 
10 ad -- Leng 
a2 4.800+0.400 10.180 =u 
18 -- -- 1,270 
24 15.200+1.000 25.380 i 
30 ate -< O7S3 
36 8.800+1.600 34.180 -- 
42 -- te 0:25:70 
48 6.800+1.600 40.980 —— 
54 == -- 0.380 
60 4.600+1.000 45.58 -- 
66 a -- 0.4350 
72 4,.200+1.600 49.780 -- 


®nose level: 500 mg/kg methisazone equivalent 


Dohe rats weighed 390+10 g. 
Mean values from three rats with standard deviation 
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TABLE A-40 


Urinary Excretion Data for Methisazone-PVP* Physical Mixture 
in Male Wistar Ratsb under uncontrolled urinary pH conditions. 


Amount © Mean Cumulative 
Excreted, Amount Excreted, Excretion Rate, 
Hours ) mg/kg mg/kg mg/kg/hr 

1 -- -- 0.360 
2 0.72020. 150 0.720 ie 

3 -- -- 0.5550 
4 LL0.020' 22100 820 oto 

6 -- -- Lo20 
8 4.500+0.600 6.320 =e 
10 -- -- 1.050 
12 4.200+2.000 10.520 == 
18 -- -- 1300 
24 15.600+0.150 26.120 == 
30 -—— =- 0.500 
36 6.000+2.000 526420 -- 
42 -- -- 0.600 
48 aec0OL 3.6.00 39). 320 -- 
54 -- -- 0.400 
60 50043. 500 44.620 -- 
66 — ~= 0.280 
22 536020 .390 47.980 -- 
84 -- — 0. 190 
96 4.700+0.080 D206 -- 


@pose level: 500 mg/kg methisazone equivalent 
Done rats weighed 400+10 g. 
“mean values from three rats with standard deviation 
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TABLE A-41 


Urinary Excretion Data for Methisazone-PVP* Solid Dispersion 
in Male Wistar Rats~ under uncontrolled urinary pH conditions. 


Amount © Mean Cumulative 
Excreted, Amount Excreted, Excretion Rate, 
Hours mg/kg mg/kg mg/kg/hr 
a -- -- 0.500 
2 0.98820 .150 05938 -- 
3 -- -- Ose 50 
4 1.500+0.360 2.488 -- 

6 -- -- 0.800 
8 3.200+0.600 5.688 aS 
10 -- -- 1.400 

£2 5.50040.650 Pees -= 
18 -- -- 123,00 
24 15.50042.900 26.688 a 
30 = = 0.500 
36 6.000+2.910 32.0939 -- 
42 -- -= 0:5333 
48 4.00041. 800 36.688 -- 
54 ao —— LO Bree ibe Pa 
60 2.30040.300 38.988 -- 
66 -- pao 0.300 
72 3.60040. 360 42.588 -- 


Ler OBR LBP OELON Coe rier eny, FOr the SiS 2 eee 
“nose level: 500 mg/kg methisazone equivalent 


Done rats weighed 43010 g. 
Mean values from three rats with standard deviation 
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GLOSSARY OF SYMBOLS 


A = area under the DTA peak, sq. in. 


AUC = area under the blood concentration-time curve, 
mcg hr ml7! 


O = fast disposition rate constant 

B = blood concentration, mcg/ml 

B = slow disposition rate constant 

Co = original concentration of carrier added to the 


system, moles/liter 
D = dose administered, mg/kg 


aD = total concentration of drug in presence of 
carrier, moles/liter 


Ds = saturation solubility of drug in absence of carrier, 
moles/liter 

DF = degrees of freedom 

E = quantity of drug eliminated 

F = fraction of dose absorbed 

FD/V = concentration of drug absorbed per unit volume 
of distribution 

AF° = free energy change, cal mole™ ! 

G = quantity of drug in the gut 

AH = heat of fusion, Kceal mole! 

Ne = enthalpy of formation for the interaction, cal 
mole7! 

J = calibration coefficient for the DTA instrument, 
mcal deg™!min7! 

k = apparent dissolution rate constant, 1/time 


K = intrinsic dissolution rate constant, cm/time 
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association equilibrium constant 
first order absorption rate constant, hia 
first order elimination rate constant, hr! 


first order rate constant for the transfer of 
drug from the central to the peripheral compartment 


first order rate constant for the return of drug 
from the peripheral to the central compartment 


number Ege: of drug 
mass of sample, mg 
mean square 

program rate, deg min™! 
amount of drug dissolved, mg 
correlation coefficient 


surface area, cm? 


entropy change, cal deg! mole } 
sum of squares 

standard deviation 

standard error of the mean 


tissue concentration 


= elimination half-life 


reference temperature sensitivity (5 millivolt 
full-scale) 


differential temperature sensitivity (100 micro- 
volts full-scale) 


size of the sample removed from the dissolution flask 
volume of the dissolution medium 

uncorrected amount dissolved in the nth sample 
uncorrected amount dissolved at time t 


corrected amount dissolved in the nth sample 
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